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TRANSLATOR’S PREFACE 


I UNDERTOOK tho translation of Dr. Rambousek’s book because 
it seemed to mo to treat the subject of industrial poisons in 
as novel, comprehensive, and systematic a manner as was 
possible within the compass of a single volume. EJiaving 
learnt much myself from Continental writings oft industrial 
diseases and factory hygiene, I was anxious to let others also 
see how w'ide a field they had covered and how thorough 
were the regulations for dangerous trades abroad, especially 
in Germany. A praiseworthy feature of Dr. Rambousek’s 
book was the wealth of references to the work of foreign 
w'Tjt^s which is made on almost every page. To have left 
these names and references, however, in the tekt as he has 
done would have made the translation tedious reading, and 
therefore for the sake of those who desire to pursue inquiry 
further I have adopted tho course of colleftting the great 
majority and placing them all together in an appendix at 
the end of the volume. 

Dr. Rambousek as a medical men, a chemist, and 
a government official having control of industrial matters, 
is equipped with the very special knowledge required to 
describe the manufacturing processes giving rise to injurious 
effects, the pathology of the lesions set up, and the preventive 
measures necessary to combat them. In his references to 
w<ork done in this country he has relied largely on abstracts 
which have appeared in medical sffld technical ioamaI^| ^u )?-,. 
llshed on the Continent. I have tikey Jhought irnwessary 
to amplify his statements whte iiStportant wori carried out 
here on industrial poisoning,—such as that on nicljel carbonyl 



vi tra'nsLator’s preface 

‘aH^’on lerro-ailiflon—liad been insufficiently noted. Such 
additions ^:e intro\[iccd in square brackets or in footnotes. 

In hii^pi'kfacc Dr. Rambousek says ‘ the book is intended 
for all who ar^q^re obliged to J)e, or ought to be, interested 
^n industrial poisoning.’ No words could better describe the 
scope of the book. 

The wortc of translation would never have beerf begun 
but for the assistance given me in Parts II and III by my 

^sister, Miss H. Edith Lcggc. To her, and to Mr. H. E_. 

Brothers, P.I.C., who has been to the trouble of rea‘'ding'the 
proofs and correcting many mistake's whieti my technical 
knowledge «as insufficient to enable me to detect, my best 
thanks are due. 

I am indebted to Messrs. Davidson & Co., Belfast, for 
permission to use figs. Ki and 48 ; to Messrs. Locke, Lancaster 
& Co., IVCllwall, for fig. 27 ; to Mr. R. Jacobson, for 

figs. 30, 33, 37. 38. and 43 ; to Messrs. Sit'bc, Gorman & Co., 

for figs. 32, 30, and 40 ; to Messrs Blackman & V-o for fig. 47 ; 
to Messrs. Matthous &■ Yates for fig. .74 ; to II.M. Controller 
of the Stationery Office, for permission to re[)rc:duce figs. 52, 
53, and 54, and the diagrams on p. 284 ; and lastly to my 
publisher, foe figs. 41, 42, 43, and 40, which arc taken from 
the book by Dr. K. W. Goadby and myself on ‘ Lead 
Poi.soning afid Lead Absorption.’ 

T. M. L. 

IlAMPflTEAn. 

M<nj 1913. 
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INTRODUCTION 


The attempt to systematise from the scientific standpoint 
the mass of material that has been collected about poisons 
is a very heavy task, even for t) toxicologist who desires to 
treat his subject comprehensively. How much greater is the 
difficulty of writing a systematic book on industriij, poisoning 
keeping practical apijhcation in the forefront! 

Technical considerations v hich are deci.sivo in the causation 
and prevention of industrial poisoning are here of especial 
moment, and must naturally influence classification of the 
subject-matter when the object is to assist those concewied in 
faotory hygiene. 

Scaring this in mind, I have divided the Subject into 
three parts. The arrangement of the first, which gives as 
complete a staiemcnt as possible of the occurrence of industrial 
poisoning, into industries and processes was determined on 
technicjil grounds The second, which amplifies the first, 
attempts to summarise the pathology or symptoms of the 
various forms of poisoning. The references to the literature 
of the. particular subjects—as exhaustive as I could make 
them—will lighten further study. To these two parts, follow¬ 
ing on knowledge of causation and symptoms, the third, in 
which preventi > e measures are outlined, is linked. 

The apparent drawback in use of the book is that one 
f<^^^p of poisoning has often to he referred to in three places. 
But, I hope, this is more than, counterbalanced by the com- 
ffl^teness of the scheme which results from the subdivision of 
the subject. 

The pathology of industrial poisoning necessitate* frequent 
rej^tition %lje» describing the branches tpf industry giving 
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Hsa' to tli> • intoxication, as one and the same form can occur 
in the mo^jt varied processes. The numerous instances of 
actual cans of poisoning quoted must therefoi'e be regarded 
as < coilforfaiing to the same pathological type. Similarly, 
preventive measures require separate systematic treatment in 
order to avoid constant repetition which would otherwise 
obscure the general survey. Quite a number of means of 
prevention apply equally to several industries in which the 
same cause is at work. The success attained by thus simpli¬ 
fying the issues is the greater because such common measures 
are the easier to carry through and to supervise. 

The method therefore has been adopted only after serious 
reflection and has been directed mainly by practical con¬ 
siderations. 

Recent cases which have either been reported or come to 
the knowlelige of the author have been given, with particulars 
as exact as possible. Cases dating back some time have been 
omitted intentionally so as to exclude everything which did 
not correspond with the present (conditions of industry and 
trade. Historical facts only receive consideration in so far 
as they are fundamentally important and necessary for the 
sake of comnletencss. 

The details given in Part I of actual instances will supply 
material for fresh efforts, renewed investigation, and new points 
of attack. 



Ari’EXDIX 


REFERENCES 


rAii'i’ 1 

I’ROCESSKS OK MaMU'-ACTUHE A.Ml l.NS'l'ANt'E-i OF I’olSONOO 
(.{eNERAL Sl’R\E\ in’ PoiSONlNC IN (.’lIEMK'VL IXDL.VrRlES 

^ jA'MRjum, ('imcoidiK, l!KMi, 7, 8 and !l; " (iraudhonime \’>(C Fahnh'n dcy 
Fuibicoke zi’ Jiorksl u. 3/., A'criag Mahlaii, 4th (‘ditioii. 


SCLI’IIUIUC Aca> iNRUSTJn 

^ yc/ir.fui. GcnrrU-JJi/‘ji< nt, 11)07, p. 230 ; * Bath, Zt iUchr.f..ititjcw. Chcuuc, 
iSlMi, |i. 177. 


JiM)Ro( lILnKlc .\lll) AND SaLTCAKE M\N CF VCTrUE 

* Z lUchr.J. Geivcihc-Ihfijn ni , IDOO. p. 5(12 ; " 'Zcdischr.J. (h ir.-Hi/ij. Il(02, p. 02 ; 
“ Wiilther in Weyl's A? hnln h ank-kt th n, p. 000. 


CifLoHiNE AM) Breaching Powder 

* Zcit.'ich. Jiir. IIKIO, p. 280; "1000, No. 8; ‘^Arch.J. 

JlyO.t vol. 4(i, p. 322; ^ [Inf. h. Chin. Arb., Zurich, 1902, p. 40 ; ^ A'aubel, 
Ckrnukfr Zaiiumj, 1903 : ’’ Concordin, 1907, No. 7 ; llumpf, D. Mid. Wochaischr.t 
1908, vol. 34, p. 1331; '^Miillcr, Vi^rkljohrsischr. J. (kt. Med. a offend. Sanddisw.t 
volwix., p. 381; and Roth, Komp. d. Ikurrbikraiikh, p. 205; Klockc-Bochum, 
Zeikcfir. f. 1900, ]>. 503; ^®Sury Bionz, V ivilflpthsucJn. f. Ger. J/rrf.,* 

1907, voi. 3-t, p 251 ; Krhen, UaHdb, rf. arzll. Sachrerfit. 1910, ''ol. ii. p. 2(10^ 
Concffdiu, No. 5., and Vih-tdjiL-ic^tichr.f. off. Gi.s. F/!., 1<.»02, Siippl. p. 371 ; 
^“Mohr, I). Med. Wochcnschr., 1902, vol. 2S,^). 73; ' Uber Chloraki^,’A r/DitJ./. 

l>ermaiot,.^d0fy, i^ol. 77, p. 323 ; Bammer, Uandb. d. .IM. W'ohlff, vol. ’ p. 433 ; 
“B. Arch. ^ fflin. Med.. 1901 vol. 71, p- 370; ^’Schuler, 7). Y ii’rk1jiihf^p.<ch\ f. 
bffadl G< -. PjL, vol. 31, i>. OOf); Unj'. b. C/irm. Aib., Zuriclv 1902, pp. 22, 

45; Ramboaft’k, Co7icordi(t, 1910, No. 6. 

339 


z 2 




340 


Al'fiOJN-UlA 


MANUrArTTJRE AND USE OF NiTKIC A(’ID AND ITS C(»MrOUNI>M 

1 Schmitz, lUil. Kim. IK WwHAr/w., 18S4, vol. 21, p. 128, ami H(*ckor, Acrzil. 
Snchv. 'AUj., ISJM), col. v. p. 277; ('ourordm, I!»US, No. 22, ]>. 428; “Schmieden, 
ZcnliaUiLJ. Kim. Mt-d.. 182J.No. H ; K.(K-kf'l, V/cttcljahm.srht.f. (.Kr. J828, 

vol. lo; ' I'^i, If- rhcfn. arh.V 1202, p. 52; imin-dfiv, 1205, p. 444; 

“ Chem. hidniffiic, 1205, ]>. 115: ' Hvrl. Kim. Wochrn.sclu 1880, vol. 22, p. 417 ; 
** Komp. d. acH'ohvk-iiudiu'itt n, p. 02 ; " Inkrn. Uvhn.^. uher Gcir.-Ut/ij.^ 1207, p. 70. 


I’lrosi’iioiais AND Lucifer M.vtcii Manufactuke 

« 

^ Du: Kliosfihonu b'osf y ihrc Viihhifujuj m ^l^.skryr?r//. Wien, 1207 ; “Friedrichs, 
in Aih. d. Uiu/. Vri. J. .lr/yr//(y.-<r/o//-. 1208, vol. 4, pp. 1-170; “ v. .laksJ-h, 
Jhmdh. d. (iizll. Sitrhr.-Tul.y l‘.K)2, vol. 7, J*. 222; and Levai, If. KInA ihmd. 4, 
1200, vol. 14, [}. 22. and ilcarden, lliiL .\hd. .hmin., 1822, \ol. 1, p. 22 ; Wodtke, 
yHrklpfhiMchr.J. <jn. Med. nnd t>(fenil. Simifatsiv.y vol. 18, ]>. 22,>. 

C ini' • MIUM C') MIM • UM 'S 

^ Hermanni. Munch vied. WOehnisrhr.. 1201, No. II, and ^\ odtin*, /or. r//., 
p. 225 ; “ Zeikehr. /. Geir.-Hi/fi., 1208, p. 101 ; •* WntzdorU und lloisc, Aib. u. d. 
Kais. Gen. Ainf.y vol. xhi. ; '* ZeiUsehr. J nffiull. Gm. Pff., 1821; “ lJurn.s Aim. 
\lepl.ofC. I. of /.,1203; “Nclsscr, hilcrn. VebLin. ulm 1207, p. 22. 


MaKO.ANESE CoMI’Ol’NDS 

* (.'ouper, Joiini. de Cfimiie, vol. 2. series li. ; “ Mimrh. und. Wochtnnchr.y 1201, 
p. 412; “ Kmbdcn, JA/atd. H’orAry/w/o., vol. 27, p 725. 


Pe-j’kmleum and Bfs'zink Inditstuy 

^ Berthenson, D. Vuilfhiihmsehi. J. offenll. f/cs.1828, vol. 20, ]>. 215; 
“ Viieh)w\n Archn, vol. 112, p. 25; “Felix, D. Viviieljahrs.'ichr. f. offenll. ijeu.’Pfi. 
1872 ; ^ Lancet. 1880, p. 142; “ Rinnazzmi, 1208, vol. 2, p. 220; ‘‘iloremlorf, Zcit/fchr. 
f. Kim. Med.. IIMH, p. 42 ; ’ Rnl. Med. dinini., 1202, p. 540, and dud., 1208, p. 807; 
* Zeiischr.f. Gev'.-lfipj., 1!K»7, p. 157; " Wiehern, Ze/lnrfu.f. Geir.-Hi/f/., UK)2, Noa. 2 
and 4; ^"Mitehell. Med. Neirn.in., p. 152; Ann. d'lli/ij. paid., vol. 24, p, 500; 
Arlidgo, Di.s. of Orcnfialion ; Rcruc d'JIyijienc, 1805, p. 100; Neiascr, Intern. 
Uehm.f. aew.-Ily<j., 1!K>7, p- 20. 

1 

SULl’IlURETTED HyDU'KJEN (Us 

^ Chem. Jnd.. l!K)8, p. 222 ; Pfcilor, D. Vierteljahrmehr.f. vffenH. Gen.-Pjl., 18J4 ; 
Lekre. v. d. nrfiMl. u. (jijf. Ga-nai, }>. 274. 

C'Anupii Bisuli’Uide 

^Archii'f. y/yf/.,Tol. 1.5, pp. 125-141; "Santesson, zlrrA/e/. /%, voI.'.>1, p. 220; 
“ nhem. ind., 11MI5, p. 442 ; '' Ziilnrhr.f. GeiiK-liipj., j208 and UH)2; ” Areh. f. }hj‘j. 
XX., p. 74; ^*l)ie Ke/iuffvlhdileiinloffveiyiJlunij dvr Guin^iiiarheder, Leipzig, Veit 
k Comp., 1822 ; ’ Aim. d Ilyy. pubL, 1802. 



APPENDIX' 


341 


fhliUMlNATmo (Us 

^ Krankhctkn (/c.v Arhcilcr, IH1\ ; ^ (Icwarbeixtfholofjic, ]mi; ^ Hnndh. 

d'IIi/(j.f 1894, vol. 8; ^ S|)r(*n<j;(‘r aiul Alliri'clit: A]5iit‘C'Iit'.s (ii'uvrbehi/'fienc, 189(); 
•’ .lohli*, ‘ Hyj'iono dor (JasarlioiU'r,’ /jcil.M'hr. f. (ktr Uj/ij., 1901, p]). 245 and 2()l; 

Sohiitto : ‘ KranUhoiO'U di'r (ias<arboil« i ’ Woy^M .\rf» ihri'i(inl:fu’/ten, 1908, 

p. 2!19 ; ’ Iloymann's X'orlii^j. I9l0 . ” Znffn h.J. (!i'tr.-ni/<j., 1909, No. 12 ; ^ ('hi'tri. 
Jiiil.f 1905, p. 442; ('Out d. I'liJ. 0. ('hftn, Jih., Zuricli, 1902; (Jetverb. 

icchn. lintycOur, 190(>, p. 90. 


Coke Ovens 


^ Ilos-so, Cottnu'dln, lf)0i). 

Power Oxm, Sittion <Jas, t'ic. 

^ Zuil.'ichr. f. (0 i/'.-Hf/i/., 19(10 p. 250; 1909, p. 297. 1900, p. 19; ^Guimhl. 
Ifcitii. l*<il(it‘0vi, liMKl, p, 297: ■'NottolMilni., ^MXuilUfhuil. 190”, vol. 7, ]» HO; 
* FinKclstcin, dnln. d. lOtfch.. IH!*". \ol. 15, p. 110; •' .loKolo, Jirh. f ////'/., I'.K)4, 
\ol. 19, [I. 275. 


Ammoni \ 

* lift. ■}'!. (kir. hisp., 1901; " K^ii, /m. nf . Xo. 2. p. 48; L Orr r. d. .sr/zm/,’# 
11 . yij/. OV/,v-'//, p. 274 ; ^ Z( il'^rhi. f. 'ft 1909. p. 242 ■ fU-tl. Kliti. Worhcii’ 

xrh., 1908. 


('> \No(iF.N C'oMPorNDS 

^ ffotidh. d. Hiftf.. vol. 8. j). K97 : “ Morzhac-b. Iltpp JfiitidNrh., 1899, No. 1; 
^ Zvikrhi. f. Mvd. Iltandf. 1907, vol. 20, 825; ^ Kocki'l, I icrtidiuhisscht. f. ytr. 
Mtd.. 1902, vol. 20; Krlx-n, \'tniiffttn'j( n, ii. ]>. 204. 


'J’ak and its Derivatives 

^ I/'win, Muiirh)!. mcd. ^'orhi tixchr., 1907, " .Santosson, Shittd. Arch. /. 
Ph,,xioI.. 19(H), vol. 10. pp. 1-80; ■'Ctmcotdui, IfK)!. ji. 287 Jahrcsbor. d. Slaatl. 
Aafaiobtsbcamlon itbor Unfallvorbutung, 1909 ; ’Arb. d. lliimb. (Jowerbviil- 
Nprltoivn, liHM); ^(irvilT, Vttrftljaht.'t.scltt.f. ijci. JJid., 1890 


(’o.v,. Tak Coloup.s 

’ Die Fahrtlrn dfr Fatbwurke votni. Muixter LvrtHs rf* Briiuiiiy zn HockM a. jlf., 
1890; -Vimrordm. I'lIO, p. :155 ; =* Vtaklpthnxeh.J. o/Jt idl. ^Supplom. 

prd' 1902. p. 271; nSchrodor, Xurhlpdttsxuhi. j. ytr. iltd.Asm. \t. Rump,^ 
Zcikchr.f. Med. lUttmk, p. 57; Brat. l>. turd, Woehnscht,, 1901. Nos. 19 
and 20 ^ « Arl-hi, />. mrd. Wodien chr., 11)2 ; ’ Zt thrbr.f. (ktr.-lh/u.. 1908, p. 38% 

" Hanko, \X. h.h Worhurtchr., iS99, voi. p. 725 ; Frank, fit li'-bgr ztir Am/tn- 
/inZ/'. IStm. vol. 31. p. 93 ; Silox, Zc/Asr/o. J. 1902, p 4i7Ht ® Doth’- 

den, lirtfTMed. Joiint , 1IK)2, vol. 2. p. 750; /kpf. .-/ C I. of F.. 1905, 

p. 105 • " Muttelt. mt’d. Worf^'nsrhr., 1907 ; Frdniunn, Airh.f. e.rp. FUh., 1905. 
vol. 53. ... -401 



342 


' APPENDIX 


, Ferro-silicon • 

t 

Nature, Vscff and Manvjactm-e of FrrroW//co«, by S. M. Copcman, S. R. Ben* 
nett, and II. W. Hake. London. IIKX). Cd. 4958, 

V 

Lfxvt AXD ITS Compounds 

Lcgge and Ooadbv, Lead Pomnimj and Lead Ah-nn-f/tion. Edward Arnold. 

1!U2. 

^ I\'aclit4*r. J)/c ijnrrrhhche BUnrriftJliing hn Deut^ch n Jieich, l!K)8, p. 5(5; 
“X/r. hitrni. KomjT. f. Hyij. vmi Don., 1907, vot. 2, p. 740; *’KanilHiusok. 
Concoidia, UHO; ‘Alulli'r, Die Jkluin/tfniuf d<i Jilrnjifa/it in }Uet/iiilliH, Fis(;hor, 
1908, l.">0: ^’En'v, Du Zinhutenihuuj and i/irr JD/gieiu, Itirschwnld, Berlii^, 
1907; "WachO'r. Dw i/etr. Bhnrrgijlnnif, 1908. Braun. KurlKmhe; M'Ia 3 'ton, 
Jinl. M(d. Jonni., 1000, vol. 1, p. 810; ^Benchf an die Intern. Veieinigungfur 
Arheiiaxehiil:, 1908. i ’ 


MEn^'UKv Avn its CoMporxns 

* Lanreck, ll’<J/rs' Aihelfirl) j‘. 02 ; ” Ciglioli, Rainazzini, 1909, vol. 8, p. 280. 
AUSENIf ANi) ITS CoMPor.vns 

^ Zeif.sehr. f. (ii iv.-fl!/!{.. 15)02, p. 441; “ l*i'ols.<, Fiudieieh'.'! HI. f. ijir. Med., 
^1901, p. 170. ^ 

Anthtonv 

^ VerijiJiunijen, vol. ii. p. 28.5. ^ 


llllASS 

^ VicrkljahiBseJir. f. ijer. Med., 1900, p. 18,"); ~ Airfu f. Jlyj., B'lO, vol. 72, 
p. 358. 


I’ART II 

Pathology and Treatment 

OXVnEN INIIALATIOR IR iRrHJSTRfAL PoiSORIRO 

I 

Brat, ‘ Bodonlung dor Sauorstoffthcrapio in dor Coworbehygiono, AVT. Intern.^ 
Kongr.f. IDjij. n. Dem. imd ZviDchr.f. Oeir.-l/yj. 1908, Hoft Ki. H. 30.7; Dr^ger, 
4 *Zur Pbysiologio dcs Hettungsajiparates init koniprlm. SauerfitofT, ]. Intern. 
Konfjr. f. liett.-We.'t., Frankfurt a. M. 1908, nnd Fabrikfeuerwihr 1998, Hoft 19, 
fc. 74; Klooko, ‘ Die Bonloutung d(^r Sanorsjoflin^alatituien in dor Gewerbefcygicno,’ 
ZeiDchr. f. O'eir.-Hyij. l!K)0, lIt’{t,2C, S. 559; Hriigor, ‘None Untorsiiohlingen 
Acr die Ertordoniissf; oinc.s hn ArlM-it b'-aiiohbaron Rottung«ap]>arato!j Zeilnchr. 
f. Oew.-lJyr/. 1905, S. 49 ; KIoolo*. * Sanorstoffrottungsajiparato,’ A'dk. Teehn. 1908, 
Nr. 14, m. 272. 



ArPENDI'X 


343 


llynBfirsroKio Acid Poisoning 

• 

Egli, Uiif. b. clif.m. Arb., I, S. 23, uiid II, S. 45; Ramboiiaek, ‘ Ocwerbckrankh. 
in Bohnien,’ Concordia 1910, Heft 0, und Amtmrzt 19i0, licit 7. 

firi.rHuniiJ Acm and Rulchuii "ioxide 

• 

Ogata, Aich.f, Ili/ij., lid. 2 ; lad.maim, Arcli.^. Ui/ij., lid. 18, S. 180 ff; RIocko 
‘ {,S’0,-\’('rgiftuiig und 0-Irdial.}.’ Zcducln. J. (u a’.-,7//(/. 1900, S. 502 und 017; 

‘ AYI.-Ahsoriitiun bciiu Atcmpro/.css.’ < ‘honi. ZtL^ 1909, .S, 210 ‘ Tiwl duroh Einat- 

luung von Scliwclclaiurcdam])!,’ Zatschr. f. Ci ir.-lh/i/. 1907f S, 430 ; ‘ .8rhwofcl- 
diovydvci'iiiftung in iiuakind,’ C'loicoidia 1909, Heft S, 10,>: ‘ Schwcfcls-\er- 
giftung, CJiim. Ind. 1909 (llci. d. Jicnif.:!icii. f. rlinii. Jiid. jno 190.8, S, 20); Egli, 
ffvf. b. chew. ,1?'5,, ii, S, 52. 

Nituk' ii) and XiTUiics Fcmks 

‘ Verg. durcli nitrosc Oasc in cinor /('lluloscfj'brik. Zcil.schr. f. Ocu'.-JIy^. 1908 
Heft 24. .8, .OIm; ■ liehanillung von Nilio-sr giftungen diireli Saueretoltinhala- 
tionen ’ ZiiUhi. J. Cue.-Him. IIDS, licit 20, S, 5li0 ; ' Kclwndliing ilurcb ‘'liloro- 
form,’ ZiiCihr. ]. (Icic.-Ili/ii. 1904, Heft 10, S. 220, und 1907, Heft 8, S, lo3 ; 
‘ I'crgifI ungen duveh nitrosc (.lahc (Ziia.ininienfA.s.sung).’ IloltKiuaiin, (hinenrdin, 
1!KI8. Nr. 23, S, 498, 


t'lU.oRiNr, Bromine, and Iodine 

Leynuvnn, Arch. f. //;/;/„ Bd, 7, S, 231 ; Binz, Arch. J. f.r;i. Vnlh., Bd, 13 ; 
\icrii'li'ihrmchr. J. ijci. Jltd. 1888, S, 34.‘i; Lelnnann, Aich.J'. ////(;,, Bd. 34, S, 302, 
und Aich.f. /%„ Bd, 17, S, 3311; .l«7o/. i.cii. rath. n. I’h. 1887, S, 231; Egli, 
Viif. b. chew. Alb.. II. S. 51 ; ('hlorverg,, ('him. hid. 1907, 8. 317, ifKI8, S, 325; 
NeEr- r, nileiii. ribei.e. iibii OV«■.■//«„ 1, 8, 94; •('hlorverg, in K-igland,’ Von- 
cordni U)09, S. 10.“). 

Lilcratur t-hur ('hlouiluc.- liei.vhfMmor. Munclui. vnd. ]\ ochcit.^chr. 1899 
8, 278 ; BeUniann, ]J. mcd. Wocheiiechr. 1901, 8. 137 ; l.elimaun, Arch.f. Dirmnlol. 
1905,8, 323; Leymann,' Erk.-\ erli, derebein, Cros.^ind,,'(Vmriiii/iu 1900, Nr, 7-9 ; 
Holtzmaiin, il, i’letleifiihi.i.'ichr. j. bjjentl. Cc.'..-Pjl. 190i, Btl, 39, 8. 258, 

('Hr.(»IUI>FS MK J^HOSl’llOllLS 

Vaubel, Chew. Zbj. liK)3 ; Leymann, Coiicordin 1900, Nr, 7; Egli. On/, b. 
chew.-Arb. 19i2, 8, 49; Huiupf, D. wed. Wochciwchr. 1908, Bd, 34, 8. 1331, 

Chloride of 

Lehmann, Arch.f. Hijg. 1894, Bd, 20, S, 20 ; Leymann, Concordia 1900, Heft 7. 


Ammon’ia 

Lehffia'in. ‘ ViTSuchc iiber d'* Wirb.ing.’ Arch. f. //.vy-- '* > ^ dber 

dio llcaorption,’ Arch, f. ^ ‘ die Gewohnung. 

Arcir.j.^tj., Bd. 34; Lewin, ‘'lodl. Ainmonialvt-rg. in eincr elfcm. I’abnlt, 
BcrI. kUn. W'^chenaelir. 1908: ' Tndl. Ammoniakveig.,' /Atl-'fchi, f. UeM'.-ZW 
1909. W'r 9, S. 242; ‘ Amm#iiijikverg. in dor KMltc-lmld 



344 


APPENDIX 


• LeAT) Poif?f'NINb 

* Vorkoinmen dor Bloirergiftun^. Bloierkrankimgon in der Bleihiitto 
Braiibach,* Zeitschr. J. (kir.-Hytj. 19U1), 8. ; JUcu'eryif/iinyeft m gewerbl. u 

hiittevniimn. Betnehe)/ {(h.sfcrrt’irh), borausgegobwi voin k. k. Arbt^itsstat. Amt: 
1. Erhcbungcn in Bk’i- undf-y^inkhiitton : Jl. Erhf'buni'tMi iti JSlriweisH- und Bloi- 
o\*ydfj,brikcn ; 111. Ex])ortiso, bci'vffnul die iJloi-iimJ Zinkliiittm j IV. ExjK*riiso, 
botreffend dio Bleiwoiss- nnd Bloii.)xydfaljrik(‘n ; Erludniiigon in Far]>c*afabrikon 
und B(‘triolx3n init Anstreichcr-, Lackic^rcr- iiiid Malerarlwilcn; \1. Kxportisc 
hierzu; A’H. Erld‘i"ing(‘n und E\|K'rti.sf in IJiicIi- uiid Steindniokercien imd 
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Velag Fischer, dona J1MI8; Dio l^afintiing d. Bloigojahry V'erlag ilartleben 1908; 
Blum, ‘ Untei-H. ulier Jilciverg., Frankfurt a.M. 1900,’ ViorUljahrsschT. f. offonil 
Go'i.-Pfl.. Sup})l. 32, f^. 030; Elselmig, ‘ Seh.stiirungcn b. Bleiverg.,’ Gea. d. Aefctc, 
‘■Wien, Sitziing v. 15. April 1808. und Wionf-r mod. Wor/iensrfir. 1808, S. 1305; 
‘Neuerci Forschungen IiIku' Bleiverg.,’ Zoihohr. f. Gov^’liyg. 1900, SA»20^ Soclig- 
fuller, ‘Einll. d. Bleie.s auf den Frauciiorganwilius uaw.,’ Bcrl. klin. WiX'hentichr. 
]/K)l, tS. 842; Bernhardt, ‘ ^ur Pj?(,ftoI. d. Bleilulunung,’ Borl. khn. Wor/ienHchry 
1900, S. 26 * Jiambousek, ‘ Die Bleierkrankung,’ Zoifschr.f. nrztl. ForthH.Uing 1909, 
Nr. 7; l.srae], ‘Obd.-Befund b. Bleiverg..’ Borl. kiln. IFocAcMwAr.^lSOy, S. 575; 
Gumpei^.z, Bernhaidt, ‘ Anom. d. elektr. Erregb. b.'Bleiverg.,’ Berl. kiln. Wochen- 
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lNalk(‘, ‘ Lrkr. d. jMagr'iis h. chroii. liicuiMg.,’ Mnnehn. med. Woehi H'<eiir. lO'j/, 
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Voran<l. dos Blutos mit l)oson«--iror B( ;iiok.s. d. Bloiinlox.,' D. Arcb.f. Hin. Aied. 
1900, B<1. 07; Frey, ‘ BoHrag zur Fnd^liagnoso v. ohron. Bloi\erg.,' D. med. 
W'jehe/iiel/r. 1907, Nr. 0 ; Grawitz, KUn. Pathol, def: Bhite.'i, Leipzig HiXi. S. 120*tf.; 
NaogolT^ D^'bor dii' Entslohung dor basoph. gok. niton Blutk.,’ Mnnehen. med. 
WoehPTif(( hr. 1904, Nr. 5 ; iimidt, ‘ Zur I’^’ago <1. Entstoliung d. basop.-i. Kurnor,’ 
D. me- . WiK'l^er.iihr. Itt(l2, Nr. 44; E.rp. Beilriige z. ^^athol. d. Bhites, .Iona 1902 ; 



346 


APPEtoiX 


Beitrag. z. Frage df Blutrcgcn./ Munchn. me&. Woclienschr: 1903, Nr. 13; 
Hrben, ‘ Cliem. Zusamniensctzung d. Blutoa b. Bleivorg.,’ Zeitschr. f. Heilkundey 
1905, S. 477. 

i 

Literature on Changes in Metabolism in Lead Poisoning 

t 

Prcii. ‘ Boitrag z. Kcnntn. <1. SticKstofTnnis. b. Bleivorg.,’ 19<>9, S. 411 ; Ram- 
bousek. “Beitrag z. Pathol, d. Stoffw. iind d. Bliites,’ '/jiiim-hr. j. rrp. Path, •uml 
Ther. 19J0, Bd. 7 ; ‘ Palhol. d. Bleivorg.' it) L(‘\ matin's Jkl:umpjini(/ d. PU djcJahr, 
Pisoher, rlena 1909; Mi.#.ouHki, ihc Wien. JiUKk Holders Vorlag.; Scliitlcn- 
lielni imd Briigseh, ‘ Zur Stoffweehselpathol. d. (Jicht,’ Zdf-'ichr. f. exp. Path, uud 
Ther., lid. 4. H. 491-495. 

Ltteratuke on Toxifirv of Various Lead Compounds 

< 

Blum, ‘ Untors. uIms' Blci\erg,, Frankfurt a. M. 1990.' Vicrfdjahrsftchr. J. 
ofentl. (k.'i.-Pfl.. Siijipl. 32. S. 030; Rainboiisek. Dw Tn-hutt(ii<j dcr Blnffcfahr. 
Verlag Hartlebeti 190S ; Biondi iind Kamlioiisek. ‘ Poieinik iilx'r die L’nijiftigkeit il. 
Blcisuhids,' /. Jniini. Kungr. f. (It n.-Krankh. ni Mudand J9()(>. Ai(< dd coui/n-sso, 
S. (»17-ti22: Lelimaini. ‘ llvg. Uiiters. iibei Bleiehiomat,’ Arch. f. Jh/a. 1893. 
Bd. IG,S.3I5. 


Zinc 

Sehlockow, * Ceber cin cigenartiges Biickenrnarksleiden bei Zinkhuttenar- 
beitcrn,’ D. wed, }Vocfun'<cJir. 1879, S. 208; Trueinsky, ‘ Die oberschlosischc 
Zinkindiistrie iisw'.,’ ]). \'intdjah7'.‘<--<rht. j. vffndt. (>(s.-Plt. 18S8, Bd. 20[‘S. 59r; 
Seifiert, ‘ Frkr. d. ZinkliuUenarb. usw.,' ihfdrm 1897, Bd. 31. S. 419; Txdnnann, 
‘Boitraijo z. hygien. Bi'deutiing d. Zinks,’ Arch. f. Ihjg. JS97. Bd. 28, S. 300; 
Neuere Arlieilen : Fr<*v, iPe Zinhjew. im obn-M-hl. Judiidiidxz.-vsir.,' 'ieilag 
Hiraehw'ald-Berlin 1907 iind Zeitschr. j. Oew.-lhjg. 1907, Nr. 10. S. 370; Sigel, 
‘ Das GioRserfiobor «. scino Bekampfimg,' VUrtdjah'sHchr.J. (jn. Med. UKlfi, Bd. 32, 
S. 173 ; Lehmann, ‘ Giess- oder Zinkfieber,’ Arch.J. Uyg. 1910. Bd. 72. S. 358. 

Mercury 

Schonlank, Further Spiegdfahrikoi 1888 (Monogr.); Wollncr, ‘ Quecksilbcr- 
spiegelfabrik in Fiirth,’ Vierldjahrsschr. j. offeutl, Ge^s..p/I., Bd. 19, 3, S. 421, und 
Munchn. med. Wocheu-'ichr. 1892, Bd. 39, S. 533 ; Stickler. ‘ H utfabrikation, 1886.’ 
Revue, d'llygihie, VlIJ, S. 632; Charyientier, ‘Spiegelfabrik,’ Amial. d'hyf, puhl., 
avrii 1885. S. 323; Henke, Que-cksilbrn'erg. in Ihiifahriken, Knauer, Frankfurt 
1889; Wittzaok, ‘ Quecksilbervorg. b. d. Spiegelhel. uhw.,’ ykrteljahrsschr. f. 
offcnil. Oe9,‘Pff.. 1890, S. 216 ; Donati'. ‘ Queeksilborverg. in Gluhlaraponfabriken,’ 
Wiener med. Woche-nschr. 1894, S. 888; Benk, ‘ Quecdisilberverarbcitung,’ Arb. 
a. d. Kais. Ges.-Amte, Bd. 5, Jleft 1 ; lAitiille. ‘ Hasenhaarsehnoidcroi,’ Revue 
dVhjg., XL S, 40; Uebor Hasenfelibeize, Zedschr. f. (inr.-IIyg. 1009, S. 821; 
Sozialiechn. 1910, S. 39; ‘ Qiiccksilberverg. in d. Gliihlainjicnind.,*. 
f.^ew.-Hyg. 1908, 8. 469; ‘ (iuceksilberver<j^ in ^miata in Itnlion (ausfiiB.'licho 
iSch|ldcning der Symptoine R<^hwerer, ^Quecksilbervorg.),’ Giglioli, im Ramazzini 
1909, Bd. 3,^. 230. und ‘ ijeiiiuiistratior. am IT. Ital. Kongr. f. ^‘boitor- 
krankh. in Florenz 1909,' ref. Zeitschr. f. Gew.^Tlyg. 1909, S. 289^ und Chem. 
Ztg„ Report., 1909, S. 411; ‘Queeksilborverg. inv Hutfabriken in Italien,’ 
Ramazziniy 1909,* S. 230 ; Laireck, in Weyls Ilandb. d. Arlf,-Kraukh.^H)0% S. 62. 
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Ooiipcr, Jovrn. de rJnm., 1837, Bd. 3, S. 2; JakscU, Miinchn. med. Wochett^chr, 
S. (H>2; Embdcn, D. fnrd. Wochuutchr., Ikl. 27, S. 79.'>, u. Munchn. med. 
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Eriode], D. mod. \\’ochons(;lii. J9(‘9, S. 1292. ’ * 

OriROMIlfM 

Dolpocli et Hillaret. Anna], d'hi/g, pnhL 1870; \\rim,^</iitnh. a lifitdc pA/ys. 
ti to.r. dc (/nflqiirs pr,'p. Bans. IHSa; Biiru:liurdt, ‘ ('linmiverg. in dor 
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Nk’ic ei. 

• Niek^Kialze: ‘ dahroshei iclite d. pronss. Beg.- ii. (Jewt'rberutc fiir das Jahr 

1907, ’ Zri'f-sclu. J. 1908. Ni. S, S. IS"», u. 1909, Nr. 11. S. 374 ; Kluokc, 

tSuz. ^fld. n. IIi/p. 1910. Bd. a. Nr. 2. 

Nickel Carbonm. 

II. W. Annil : Jonni. oj IJippoir, 1907, ]». .■i2(, and 1908, p. ; Vahleii 
Arch. cj-p. PnthoL 7(. I'h. J902, Bd. 48. S. 117 ; Mitlaseli, Atrh.J. exp. 7VA. 1!K)3 
Bd. 49, S. 307 ; Langlois, Compt. nnd. d( fa Mor. de Hml. 1891, iS. 212. 

yjLVEU (Arga'RIa) 

Schub(Ti, ‘ Argyrie boi (daspeii’enveisillierom,’ Zcif.schr. f. Heilk. 1895, Bd. 10, 
R.*341 j^iMvin, ‘ ix>kalo (k'werboargyrie.' linl. kiln. W'mJicnjtciir. 1880, S. 417 ; 
BlaseldvO, Arrh.f. milr. .Xnattnnic, Bd. 27, S. 051, 

Absenk’ 

‘Arsenverg. in (k'r Dolainage.’ Zclt.-^chr. f. Gciv.-Upg. 1900, Nr. 3, S. 71 * 

‘ Aiseiiilivorg. in dor Ind.,' Zt dsrfn.j. (iru'.-Hycf. 1!K)7, y. 353, nnd 1903. S. 470 ? 
‘ Arsenikverg. in England, nach den Bcr. iler engl. (•(‘n.-lns]).,’ Concordia 1909- 
Nr. T). S. 105 ; Egli. I'nJ. h. rhan. Arh., II, S. 51. 

Pnospjionrs 

T.-irinscr, M<d. Jahrh. d. indirr. Slaat^y, 1815. Bd. 51. S. 257: und ZcHxchr. d. 
Geiiellsch, d. Acrzic In li'if)), 1851. Bd. 55. S. 22 : Cleist n. Bibra, Bit Kiankii. d. Arh. 
m ter Phosp^'orziindkohfahilk. Erlangen J847 ; B'ogner, Vlrch.-Arch. 1872, Bd. 55, 
K. 11 ; Magitot, Peruc d'Jh/qicnr. 1895. Bd. 17. ft. 201 ; Kollin. ‘ (>berkiefeme- 
krose,’ Zculrtdhl. f. inn. Med. 1889. ft. 1279; Dearden, ‘ Osscama fragilit. am. 
norkorn in luc. matcli fet..’ PrU. Med. Jonrn. 1899. ft. 92; Levai. * IVber Phoa- 
))h()rnekroa(‘,’ Wtcnei khn. Jiunduch. 19(K). ft. 33; ‘Em Fall von Jdio.sphornckroao 
19 Jahre na<“h dor Arlwil in Zundholzchenfabrikon,’ Wiener khn. Pinulsch. 1896, 
N^. 29, ft. 503: Stockman. Brd. Med. Joinn. 1899; fttubenrnnoli. Areh. f. klii^ 
CInr. 1899. Heft I. nnd «S'«jj,7h/. khn. Vorlr. 1901, Ni'. 303; Eiipko, ZcHschr. d. 
Zenir(i^‘-f. j. Arh.-WohfJ.'PIvr. M)01, r. I; ‘ Pliosphorverg. in l^'’ng]and (na»h 
d('n Bericiitfi* dor engl, (low -Insp.),’ Vonc^^din. 1909, Nr. 5. ft. 10.5 ; 'IVlcky, ‘ I)ic 
Pli ^a pborn okroKo in Oi'sternnoh,’ Pehrifiin 'hr Oenferr. Oetndheh. J. ^huiersch^tZy 
Heft TS^'edag Dontioko 11M)7; Friedrioii. ‘ Hie l’lK-.sphoi\org. in Uugarn ’ (in 
nnga^’ ftt* acme), Sehrlpen dn Ibifiar. OcfteJIsch. f. Arheiter'<e1ndz. Ibdt 4, Budapest 

1908. - 
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Schulz, Arch.], e. 'nth. a. Phijx. 1890, Bd. 27. S. 314; Dietz, ‘Phosphor- 

wasserstoffvere. bei ci.Ph;)sphor[a,biikiiib.,’ A rih.j. II 0 . 1901, lid. 49. 

Spczicllc Litcratur libor Phosphor«assiMst(dl'vcr«;{tung duivh Fcrroailiziiim ; 
Bahr, La’hnlvci'in;;. ‘ Phosplu'r\org. thjrch IVrrosiliz., \ icrhlifthnwchr. f. gcr. 
Med. I!i00, S. 123; .Iuhrcubcr. d. f.vjl. (!nr.-Iii.iit. ]. d. J. 1907 (vsl. Soz. Techti. 
190,8, Bd. 7, 8. 089und OiMi); Oliver, iPkcaipso/ Oira/aiboa. 1908; H. LellhaU'lier, 
Alin. Mm. 1!M)9, Bd. l.'>, S. 213 ; vel. ferner ZriIxihr.J. G(ir.-Il 0 . 1908, S. 574, imd 
S. 181. ■» 


HvunooEN Sui.rumn ^ 

Lehmann, ‘ K.vp. Stndien uber iSehwefeln..’ Arch /. ////(/.. Bd. 14, iS. 142; 

‘ (leuohnun;; an Sehuefclw.,' dtuirtit. Bd. 31, S. 303 ; ' Absoi ption von Sehwefelw., 
ibidem, Bd. 17, .S. 332; Blunienaloi k. ‘Leliie von der Vei^. niit Klonlt.'nease; 
VkrUdiiihrxxrhr. ]. ger. Mid. 1873, Bd. IS. ,S. 29,-.; Kasper. ' Ma.ssenvei'K. mit 
Kloakengas,’ Vi(rM]iihi.x.iihi. j. gir. Med.. Bil. 2. 8. 593; Bfinier. ‘ .4knUi liHlI. 
8eh\\efel\\'ns.sei'slotf \ ern..' .1/ line hit. iiied. II mdieii.'.i'iic. 1897, 8. 8o 1 ; ()U\ er. dk'selbe. 
Limed. 11KI3, 8. 225: ' SebnetelwasserslolTr eie. bei del- 8,ntnra1ion v. Sehni-tel- 
bavinin,’ Her. d. Binif.njeii.J. I’lieiii. hid. 1907. C/iein. I nil. 1908, 8. 323 ; ' 8i-httofc|. 
wa.sserstolTvei'e. in einei Fabrik aiif Ainmoniaksalze : Lnli, I'lif. b. client. Arh., 
IT. 8. 40; ‘8eh\ielel«asseistolIveig. in England. Ber. d. en;;l. (iew.-lnsp.,' .siehc 
(lonrordiu. 1909. ,S. 105; ‘ 8eln\.'leluassersto(Tvere, in d. ehein. Itid..’ Tcriiii. 
) irerlil. I{algrbev:'.m. ,S. 108 : ‘ .SehHeleh\as,serstoHvei;!. nnd Saueraiollinhalation.’ 
Zeilschr ]. (Irw.-IIijg. 1900. 8. 087 ; ‘ Er.sle Hilfe bei Sehnefelnaiisei.stofivcrb'..’ 
Ze.UfichT. f. (jew.-IIi/g. 1908, 8. 455, aiieh (Iiciii hid. 1908, S. .12;. 

C'MinoN- BisrorainK 

Delpeeh, ‘ Aecidenls (pii develojipenl cliez les ouvriers en caoutchone'et du 
sulfurc dc carbone elo.,' L'Uiiinn mid. 1870. No. 00 ; ‘ Nouvelles reehcrehoa anr 
I’intox. du CS, ete.,’ Ann. d'lli/g. pidd. Nr. 37 ; .Sapelier, ‘ fitude anr le suUure de 
carbone,’ The,se. I'aiis 188.5; Kosenblatt, Ceber die Wiikiiiig v. CS.;^I)mnpJeii auf 
den Meiineheri. Di.ss. Wnizbmo ]8!Mt; Piehler, Ein liiilriig z. Keiiiilii. d. akiilen VS..- 
Verg., Berlin 1897 (Fiseher); Lehmann, ‘ Exp. Stud, ulier .Solnvefelk.,’ Arch. f. 
Ilyg. 1894, Bd. 20, 8. 50 if.; Z’itxihr. ]. (leii'.-IIgg. 1899, ‘ Sehntzmassreceln der 
Kautschukindustrie in England’; laindenheiiner, iSehv'tjilk.'lerg. d. (hinimiarli. 
899, Leipzig, Veit & Comp.; Hannsen. ‘ Die Selniefelk. im Fabr. Betiieb, Vier- 
leljalmschr. f. gcr. Med. 1905, 8. 149 ; Riegler. ‘ Die nervosen Stoningen bei 
C'S»-Verg.,’ Zeit.Hchr. j. Kervenh. 1907, Bd. 33 ; Both. ‘ (leworbl. OtSVVem. nsw,. 
Bed. klm. mnhennehr. 1901, 8. 570 ; Reiner, ‘ Sehwefelk.-Amblyopie,’ Wiener klirt 
Wochenachr. 1895, 8.919 ; Quensel, ‘ CeiateBstdriingen naeh CVS'j-Verg.,’ Monidsh.J. 
iV*. 1905, Bd. IC. 0 

Cyasookx AMU C'y.vnooe.n Compound.s (Pkossio Acid, &c.) *, 

Merzbath, ' Chron. Z.vanverg. bei einem Calvanisenr,’ Hgg. Bnr^dnch. 1899, 
Nt. 1; Pfeifftn, ‘ Zyanverg. d. Kanalgaso (Abgange v. d. Zyangewirpjung), 
Vierteljalirxxchr. f. iiffeiitl. aex.-Pjl. .s'tritt,'' Verg. d. Zyanverb. im Dunge- 

iniUel,’ Zeibvfhr.f. Ilyg. 1909. Bd. 02. 8. 109 ; Tatham, ‘ Zyanverg. beiin Reinigen 
V. Goldsjiitzen,’ Bn). Med. dovnu 1884, 8. 409 ; Koekel, ‘ Blau.'j^uffi'vorg. bol 
einem Zetlnloidlirand,’ Vierkl'jnlirs.‘irhr. f. ger. A/(y1..I903, S. 1 ; ‘Zyanverg. u. 
Saucrstollinhal.''(Brat), Zei^elir.J. Geii\-IIyg. 1900, 8. 588.; Lehmann, ‘Uebcrtlie 
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Gift. H, gaHfiirm. Blausaurc 'fuifliigkcitsgrenzpn),’ Bcrl 4 liin. Wochemchr. l!K)3iS 
8. 918; lilaschkuf JJorufsdcrinatosoii ti. Arb. (llautloidi.*n b. Vcrwcndiuig y. 
Zyanidcn), D, mvd. Wwhtnucht. 1889, S. 915; MacKehvay a. (Hautleidon), 
J/ner. Journ. of Medic, Scicurc, 1005, S. 084 ; Wilkes (ditto), Liuiccf, 1004, S. 1058. 

Akskmuretted Mvdroghn Gas 

‘ Ai-sonwaRSorstolTvoig. (\^orft‘rti';en v. Kindcrballoiis),’ '/jethchr. j. (kw.-Hffg. 
1902, S. 141; ‘ Arscuiwassorstotivpig. (Au.sloorpn oinca SchucMsawrctanks),’ 
GewerUI, Uir/itt. HoUjcher 1900, S. lO!!; ' Atsfiiwuasprstoilvcij". itii llutt(*nlx*tricbc 
(O-lnhalation).’ ZetMt.f. Oew.-l!gg. 1900. S. 589 ii. H. Oi"^ ‘ Ar.scnuassorstoff 
V(!tg.,' Zntsrhr.f. (inr.-ifgg. I1M)S, S. 21',5. u. litIO, 8. 179 ; ‘ ArsiMiMasMTstulIvorg. in 
^<:niibnd, nach (b'lt lioi-. d. cnirl. Concor/lm 1909, S. 105 ; Egli, ' Arson- 

was.'ici'stoffvoi'g., Uiij. 6, chvnt. vlr6.. 11, 8. 42; Ijungi*, ‘ Arscn\\a.s,sci.stoffvorg, 
lioiiii Liiton,' ('hem.-ZUj. l!KH. S. 1109; Jlaiip, ' Aiseauassei-Htollverg. durch 

donga^l’ Arch.J. krmi. A nthrop. I1K)0,8. J 47. 

^'vRioi.NK' Oxide 

Cvncral Lihniiurt' on ('()-f\nsovinij .— llockor, ‘ Dii f'G-Vcrg. ii. ihfo 
\Vrhulung,’ ViertcIpihrMvftr. J. <ja\ Mrd. ISO.*!, 8. 519: Grcitf, ‘GGA Tg. 
l.pid.'lVrrdpslill., V/erUfpthr.sschf.j .jo. Mvd. l8iM), 8. 359; Jlfuuardol, ‘GO-Voig. 
(1. Kulkofongase,’ Ann. d Ilyg. j ulfl. 1810; Hoi krt. ‘ Nachkj'uiikhfitcn d. GO-Verg.,’ 
J). mcd. W'urhenavhr. 1893, 8- 571 ; lloinhold. " Gluon. GO-Vorg.,’ Mtinrhu. med. 
Wochevschr. 1904.8. 793; ‘ (YyA'urg. boiin Sengcii dos Games.’ Zedfichr.J. Gew.- 
1909,8.207. ^ / 

Litvratnre on CO-roisomng in G’f/.s D'o/l-.s.—ilelile. ‘ llyg. d. CfliS^iiiyjeiter,’ 
Zvii.schr.L ikw.-Utjfj. 1901. Jlelt 14 u. 15, 8. 245 il.; Selmlte, ‘ Kraukb. d. Gasarb.,’ 
\\ eyls /^ciicrkmnkh. 1!M18, 8. 2:t9 fl.; llainbousek, (Umcordm 1910, Nr. 0. 

(^\RKON ONYCHDOIUDE (rilOSEENK G\.S) 

‘Tikll. ViM'g. d. riiosgun in einor laibciilabrik,’ daliK'ibcr. d. Biruj'syoi. J. d. 
('fit HI. Ind. 1905, Vgl. Gt irirbl. tahn. linltfthrr, llKHi. S. 108; Kloeke, ' Mehroro 
gcwerbl. Phosgenverg.,’ Ztilschi. j. G(ii\‘Hi/ij. llMKi; 8urv*llicn/„ *11. Ka.snistik 
d. Intox.,’ VUrtihohrs.'iclir. f. tjci. Mid. 1907, 8. 251 ; Mullei, Ztdschr. f. angciv 
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‘ Kohlonaaureverg. b. il. Kesselieinigung.' Zdkcfir. j. (hiv.-Ilyg. 1906. 8. 129; 
Kt)h!enfia^reverg. uiul G-lnluilalion,’ ebenda 1900, 8. 589; Ijohinuun, ‘ Untcrs. 
Obei die IangtlauerJid(5 Wirkung inittlerer Kohlensauremengon auf den Munsehcn,’ 
Arch.f.Uyg. 1900, 8. 335. 

Petroleum, Benzine, &c. 

^eirokntnwrgiJtnng.— BoTtln'Ai^on. 'Dio Naphtlmind. in sanit. Beziehung,’ 
Vorti'ag auf d(un XIJ. Intern. Aeizlekongi-. in iMuskau 1897 u. 1). Vierfdjahrs}<chr^ 
/. offcnU. Ge».-/y/. 1898, Bd. 30. 8. 315; Burenin, ‘ Hie Naphtha u. i. Verarb. in 
Hanit. Hfizw hune. Petersburg 1888 ; Le:vj i, ‘ Ueber a’lg. imd Hautvorg. d. Petrol.,* 
VirckowH Anh. 1888, Bd. 112, H. 35; 8hut|< ‘d’ho Poison Effects of Petrol^’ 
Mcd. 1888; Samuel, ‘ Vorp. in IVtioleimitanl’.s,’ Berl. kliii.%'ochcn,Khr., 

IWi, J(il. tl.*S. 1047; Foiilertun. ilillo, Lniwrt 1881',, S, 141); Mabille, ditto, 
Jtfvm'd /1 m. Bil, IS, 1890, N», 1! ; Hir. </, cikjI. (Icw.-Jiixp .; vpl, Coiicorfin 1909, 

N. 105, * 
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‘ Skin disease-^ in Ptfrokum und Parafui^rhtitcr.—Ch^yaWm, Ann. d'Hyrf. 
1804; Lewin. Vmhow.'i Arrh. 1888 (sicho obon); Miteholl, Med. News, Bel. •>•{. 
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S. 42; Finlaytiou, Brit. Med.^Joniii. IfJO.'i. S. ;)4(i: fJiir'ji d. Auiohonzm), 
KQvr.f^Schivdz. AcrzU\ hd. S. HM); Box. B-'t. Mvd. Jonni. JW. S. 807; 
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Benzene ^ 

Beiizolv'org. b. d. Bcnzoklestill: Zeif'^chr.f. niKjew. Cknmic, 1890, S. 075 ; Chem. 
Ind. l!)0(>, iS. .‘tOH : Chem. 7Aq. 1010, S. !77. Beiizoh ur;j. (Benzolextrakt.-Appar.): 
Effli, h. (‘hem. Arh. 1003, S. -”)« ; C/irm. hul. HHl7, S. 347 ; v^I. Louir^ MUninfA 
mcd. ]\'oc}i€nschr. 1007 uiid Zcdschr. f. <!ru\-l{ijq. 1007, 8. 581. Bcnzolvcrg. b- 
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1000, Nr. 14, Hril. 8. 25. Donzdlvorc. in ('incr (luniniifabrik : Chchi. fnd. 1005, 
8. 442. B(‘ti/.olvoT'i:. bci d. Pabj'. v'. Anlipyrin : Kfrli. Viif. (j. rJicm. Aeb., 1. UK>3, 
S. 58. Benzohci'f. d. Asj)haltaiistn< limasso ; Zatschr. f. (tnr.-Ihffj. 11H)4, »S. 202. 
Sautosson, ‘ Bensolverg. moinorduniiniw.-kabnk. (and oxiK'i. Untprsuchun^cn),’ 
Arch.f. HijQ. 1807, Bd. 31. S. 330. Kaml»ous(‘k. Dicqnirrbl. Bi uzolvcrg. Hericht am 
11. hit. Koiiijr. f. (U’U'erhchankh. in Biusi>(l 10(0. W'ojcicichowsld, Urher die 
Aif(/</kcit HamkUsorteii dcs fUnzots ni Inaug.-Oisa. Wurzburg, 

1010: i-.'.linann, ‘Aatnahinf V(m Bpnzul aus dor Bufl durcli Tier and Merisch,’ 
Arch. j. Ihjq. 1010, licit 4 ; Sury ]>ienz, ‘ Todiicho Bcnzolverg.,’ T'5c'r/^/tt/ir.sw/ir. 
f. gc.r. Mcd. 1888, fc>. 138; ychaofor, ‘ Verwundung u. achadk Wirknrig einigcr 
Koblcuw. u. anfl(‘rer Kohlenstoffvorbindungon,’ ilamh. Gctv.-hisp., Arb. and 
Sondcrhcrivhic, 1000. i. 


HaLOUEN SODSTITUTION PllODUCT.S OE THE AI.IPTIATIC HyDROCAIIDONS 
(NaWJOTK'S) 

Lchniaim, ‘Aufnalimo < hloriortcr KoliIenwasHorstoile aus dcr Luft durch 
Monsch und 'I’ior (Chloioform, Tetraohlorkohlenstull, 'retrachlorilthan),’ Arch. f. 
Uyg. 1010, Bd. 72, Heft 4 ; Cli'andhommo, Die Fair. d. A.-G. Farbwerke in llochsi 
a. M. in mnit. und soz. Bcziehung, 1803, 3 AuH., S. 88 (Jodmethylverg. b. d. 
Antipyrinboroitung); Jacquet, ‘Clouerbl. Broin- und Jodinethylvorg.,’ D. Arch. 
/. klin. Med. 1001, Bd. 71, S. 370; Schuler, ‘(Icuerbl. Broinmethylvorg.d D. 
Vicrtfljahrsschr. f. nffentl. Gc-'t.-Pfl. 1800, Bd. 31, S. BOO; Schaefer, ‘ Velftvcndung- 
sart u. schiidl. Wirkung einigcr Kohlenuanaerst. u. andorcr Kohlenstoffvorg.’ 
(Tctrachlorkohlonstoli),’ Bcr. d. Ilamhiirycr Gewerbe-inspektion, 1900, S. 11. 
s 

HALOfiEN Substitution Products of tue Benzene Series (Chlorbenzene, &c.). 


Lcymann,' Krkr.-Vcrh. in oinigen chcin. Botr..’ Concordia 1006, Heft 7 (Chior- 
benzol, Bcnzoylchlorid); ‘ Verg. mit Chlorbunzol, Nitrochlorbcnzol qsw.,' Vtcrtd- 
fyltrsschr.J, offcntl. Gcs.-Pjt.. 1902. Suppl. S. 371, und Concordia 1902, Nr. 5*r Muhr, 
d Ohiorbonzolverg.,’ D. mcd. Wochcnsifir. l6()2, 73. 


Hydroxyi- Substitution Products of the Alipiutic Series^ (^ochols) 
Poh^ ‘Wirkungen von Methylalkohol,’ Arch.f, exji. *afh. 1893, S.r281; PatUIo u. 


o„.kl 
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Nitbo and Amido DEEivAi?VFj or Benzene (Nitrobenzene, Aniline, , 

Loymann, ' Krkr.-AVih. in cinnr Anilinfaibeiifal>rik,’ CniKordiit. )(H0, Iloft, 17, 
S. GiTimlhonimi;, Uic fahr. il. ,1.-6’. Farbir. , 1 . Hu-hd. a. M. in .unit. n. m:. 
Bvzichdiij, 18i)(! (niul VifrlctjabKidir. f. ijtr. if,,. ISSO); ‘Nitrobenzol- untl 
AnilinviTR., Yorsi hr. f. (1. Ycrhaltcn,’ Xt.-^-hr. f. (kir.-Hi/q, IflOfi, Nr. 22, S. CIO • 
‘NitrolKmzol (in Minoriiliil),’ ZcMr. f. 10|(i, S. 

11 , dimn. Voi'f;. III. NitrokoriKTiid. lienzolicilK^’ V n-fdj.ihmdir./. gcr Mai 1890 
S. 202 ; Lrllieliy. ditio. Pmcral. of the /,’<»/. ,SV«, Un.doii ISO:!, S. .-..70 ; Yhomnson’ 
iliito, BrUixli Mai. Joiirii. 1891. S. SOI ; Ji'iiudlander. ’ Inl^Vni. ISonzi.!- n. Toluol- 
dcrivatcn,’ S'nirol. Znitrnlhl. lOOO, S. 291; ‘ NitH,t.,lii„l-<M'Lr. in ..ini-r ,8p,-on"- 

stoiiabrik,’ ZciMir.J. OVic.-////,/. 1908, .S, ;i8:i; ‘Nilroxylulu-i;;.,’ J,i,l 19o3, 
S. 441; ‘ Inlox. 111 . Nil.i(.kbTj)mi. u. doron Bidiandl. 111 . Kiiiii'i.sluftiubal.,’ Zalschr. 
f. Oew.-Uyq. 1900, ,S. 017 ; Brat. ' Geiv. Mi'lliaiiiiialnbiiucr;;. u. deion Boliandl. m. 
Sauerstoll,’ 1). wal. Wnrlieii-vlir. 1901, S. 290 ; Lc-vii.imn. ‘ I’oif;. m. Nitrobcnzol, 
'Nitroplenol, Dinitroi.lii'nol, Nitroulilorbenzi.l, usw.,’ Vuncnuha 1902, Nr. 6' 
iSahriHlcr und .Stra^siimnn (I'ci-f:. in Hi.buiitfabriken), Vicrtdntlir.iischr. f.gcr. Med.. 
Supiil. 1891. .S. i:i8; Brat. ' Eiki'. in cin.-r Unburitfabrik,’ J). mcd. Wor.hciischr. 
1901, Ni. 19 nnd Nr. 20; ‘ Veip. n,. llinnrobrazi.l in Enjland.’ Cmimrdia 1909, 
8. 10.7 ; Hnbr, ‘ Ver';. in. Cblnrbonziil. 1). Mai. Wucliciisrlir. liHI2, 8. 711; 8ilox, 

‘ Au{!cn.si badi;;unacn il. Nitron .plitlialin,’ Znt.-rlir. J. Aiigciiheiik. 1902, 8. 178; 
Hanscrnmnn und Scliinidt, ‘ Gciseibl. Nitrobcnzol- u. Anilinvcry.,’ Vicrleljahrm'h. 
f. tjcr. Mai. 1877, ,8. 307 ; ‘tIcHcrbl. AniliiuciL'..’ Zcih hr. f (tcu'.-II,,g. 19(' 1 . 
8, ll.XI u. 8. 002, 1908, 8. 384, 1900, 8. 4,15, 8. .199. 8. 017 n. 019 (BohandIiin;d, 
1903, 8. 133, 1902, 8. 03; 'Aniliimrg. in England,’ t.'miro'I -' 1909, S. loz; 
llildebrandt. ‘ xkmliudorivale, (Oftab-kung (Intern, ined. Kongr. l{u($i|.gij<, 1909),’ 
Vhr.m. ZIg. 1909, 8. 997 ; 8c\ boitli, ‘ Blascngoaoliwulsle d. Aiiilinarb.,’ Muncim. 
Iked. ^H-henechr. 1907, 8. 1573 ; ' Erhobungen liber das I'orkoninicn von Blasen- 
4 !cscl«viilsten bci Amlinarb..' Zeiteclir. fur lidr.-Hi/g. 1910, 8. 1,10 ; Bohn, ' Blascn- 
gi-Sf;jjiiiilslo bci Aiiilniai b.,’ .{irli. f. khii. C'hti. 1895, 8. .'.SS ; Echiii, ‘ Paranitr- 
iiL.linvcrg., Obcrgiitaoblcn,’ Znhrhr.f. (Icir.-Hyg. 1909. 8. .597; rriegern, 
‘Geacrbl. ParaphcntlcndiaiiiiiiM'rg.,’ X.\. Kongr. 1. inn. Mcdiz.in, Bicsiwdcu, 
1902; Erdmann, Malden, ‘ IVirkimg dcs Paiaphcnylondiamins,’ Areh. f. exp. 
Piitli. 190.5, 8. 401 ; (icorgiciics (Wirkuug d. Tccil.arbstoli'c), Farhenchemie, 1907, 
8. 13 ; Prosser Wliitc^ Kesoarches into thr Aromatic Compounds, 1901, 

Cas'' of Aniline Poisoning, Intern. Cong. Brussels, 1910. 


'I’UKPENTIXIJ 

Lehmann, ‘ Bcitrage z. Kcnntn. d. 'J'crponlinolwirkung,' Arch. f. Ilijg. 1899, 
S 321 ^ llcinhard, ‘ (Jewerbl. TeiiJonlinintox.,’ D. ined. W'ochcmchr. 1887, S. 250 ; 
Breschor, ‘ Terpentiudamptinh. todl. Verg. oines Arb. beim Innennnatricli eines 
Kcssels,’ Zelt^ckr, f. ined. Beande 1900, IS. J31; S(*haefer. ‘ Vorweiidungsart u. 
BchiUll. Wirkung einigor Kolilonaussoi'st»)tTe u. and. Kolilenstoirvcrbind.,’ Ham¬ 
burger Qew.-lmp., Arbeitcu and i>otiderahdrkckc\ 11K)9, S. 9. 

Pyridenb 

BUbcMco, ‘ Mobelpoliei'crok^em,’ X* mcd. Wochtuschr. 1890, S 475. 

Tobacco, ifticoTiNU 

JeElo? ‘^esundh. Verhaltn. d. 'I’abakarb.,’ Arch. f. Uvj.-Ihilk. 1901, ref. 
Zeif.\ hr. j. ^u'.-2Iij(j. 190^ d. 236 ; lioclis, ‘ Kinflnss {1. 'I’ahaks auf ttfo Cesund- 
heitsvorhUb d. TaMcarb.,’ Vi' ■teJjuhrssckr. f. g<§. 3fed. 1889* S. 104. 
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pRE^ENTivK Measures 

Gener.\l Measures (Notv’ication, Lists of Poisonous Substances, &c.) 
Kischer, LtMc dtr (jvwrrhi. (hjie ^Enhmrf), Vraiikfuii a. M. (als Mamiskripl 
gedruckt), 1910; Soiumcrfokl, Ijink (hr (fcu'erhl. (hjU- {hhiiu)nrj)\{iv\\i,\^ Fischer, 
Jena, 1908; Caiozzi, Avvdamuivtiti cd irip-zi'oni 'projendoiudi {ijcivrrhl. Oiflc xuid 
Iwjvkiioncn), Vorla^ Kossafi. Mailand, UM)9; llamlKmsek, Ih' Con<frc>i int. dcA 
wnhdies prof. Hraxcllcty JIMO, S. 11; ‘ Anzeij;e|)(!R‘lit bei j^ewerbl. Erkrankungen,’ 
Ber. ul)er die V’oi'h. d. Abl. f. (JewerlK'krankh. auf del’ .lahresvers. dor British 
ined. As-soe. in Shcniekl i!K)8. lint, Mnl doarn. 1908. S. 401-408 uiid 480-490; 
Rainbousek, ‘ Arbeiteisehutz iind Versieherung bei geuerbl Erkrankungen,’ 
SoziaUechnik 1909, Heft 4, S. (>5; Lewin, (!rnudUi<in> Jilt die med, utLf' nrhiy 
Beurteduvg dcs Zft-dandckammru'i uiid dr.s- r<rfco//(.s’ ri>i) (f- Iiijtidion.s- 

krankheiien ini Bdrichc (Monogr.) Beilm. Ileyinanns Verlag, 1907. 

SuLTHURK’ Acid Inucsthy 

‘ Scfa^\cfelsaureel•zeugung, Sehut’Z gegen Nili’oseverg..' (ktvrrhl. iechii. lt(tUjcha\ 
19(H), Heft (>. S. 109; * Sc’h\\(4elsauieerzenguiig, Reinigung \on Tankwaggons,’ 
Genr.rU. tcchn. HaUjeher, HKHi. Hell 0, S. 109: ‘ S<'ln^efelsil^l^et^ans])()rl,’ Zt ihehr. 
f. Gcw.-JIipj. 1902. Ni. 4, S. 03; ‘ Seln>efelsHun-viTg., Verliulung,’ Cfieni. Ind. 
1V)9, Beilage, d. Jicrnj.'njfn. j. d. chem. Jnd. J. d. ./. 1908, S. 20 ; ’ Ausraiunen 
des Ga\>l,-L-tDx<-, Veihiitung von \'erg.. Chem. ind. 1907, S. 3.’)1 ; ‘ Sauoi-stofl gegen 
Schweielsiiui’ev'erg., Atemapparate,’ Zadschr. j. Gcii’.-IIi/g. J90(i, Nr. 20, S. 502, 
und l'J06, Nr. 22, H. G17. ‘ 

1'ktroleum, Benzine 

< 

Bertlienson, ‘ Die. Naphibaindiistrie in sanit. Fk'ziehung,’ Vicrtdjahr.'f-sehr. /. 
affe.Hil. Gen.-Ef. 1898. Bd. 30, S. Jl.*); Kors{-heneuski, Ifn/Avr/t, 1887, Ni'. 17; 
Buienin. ‘ Dio Naphtha und ilire \'ofarl)eitung in sanit Bezhtliung,’ Petersburg 
1888; Mabille, ‘ llevue d'Hygiene,'Bd. lS.Nr.3; Jirrtchl dt-r Jicnifagcn. f. ehc.ni. 
Ind. 1905; IkricJd der prtU'i. Gcw.-lnsp. 1904; Kloek(', Zedwlir. f. Gvw.-Uyg. 
1908, S. 379 ; ‘ Benzinersatz (in ehciii. Wasehcroicn),’ ZeiUchr.f. Gnv.-Uyg. lIHKi, 
S. 248, und 1908, S. 384; ‘ Sehutz des Arbeiters vor Benziudampfon,’ Zcitachr. 
f. Gew.-Ilyg. 1900, S. 230. 

Carbon Bisulphide 

‘ Nachweisung von Schnidelkuhlcnstoffdanipfon in Fabrikriiumen,* Z^ltfKhr,/. 
Ge.w.-Uyg. 1908, Nr. 5, S. 107; ‘HygieiiLseho Einriehtung bcim Vulkanisioren 
(GJibert),’ ZcHschr. f. Ge.w.-llyg. 1902, Nr. 1, S. 1; ‘ Absaugung der Dainpfo an 
VulkHnisiortis<‘hen,’ Zcilsclir. f. Gew} flyg. 1903, Nr. 14, S. 305; Laudenheinier, 
‘ Die Sehwefelkohicnstoffvcrg. bei Gummiarbeitorn,’ Liupzig, Veit & Comp., 1899; 
Roiweler, ‘ Sehwcfelkohlenstoircrkrankungen und doron Verhiitung,' Vierteljakrsticht. 
f^Med. «. offanil. Sanitatswe^eu I9(X), 3. Eolgo, Bd. 20, S. 293 (ref. Zeiluchr.J. Ge.w.- 
1001, S. 104); ‘ Einriehtungen von Guminifabrikcn,’ Zeif^chr. f.'Gcw^'IIyy. 
1903, S. 200 u. 48-1. * / 

‘I 

IrXUMINATING GaS 

* Tjtmel tgasvcrg.-Verhutimg,’ Zeikehr. f. Gew.-ffyg. 1909, Hoft*!2, S. 604; 
‘ Kokslusehoinrichtung,’ Zei^sr/tr. f. Gew.-Hyg. 1908, Hetl 10, S. 231 p‘ Bwleutung 
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der Sauerstoffinhalationen in dci 4,oucht;;aBindustrio,’ Z4tsrhr.f. Oeui.-llyg. IBOflj 
Heft 21, S. 590; ‘ Hntlecrung dor ItoiniKungskastcn in dor Leuohtgasfabrik, 
Zeiiaehr. f. Gew.-llyij. 1993, Nr. 13, S. 283; Jtolo, ‘Hygiene dor fiasarbeitor,’ 
Zeitschr.f. (Jm.-Hy<j. 1901, Nr. 1-1, 8. 24r). 

(ii)Ai. T.rn Coi.iiuns (Avu.inr loujToniKs) 

(iriuidllimiino. Dip FiihnJ.ni dir .l.-b’. farliwpiU rotm. ilnxUr, rf- 

Ihiimmj ZH Ihirhxl a. M riankliiii a. .M. I89(i; J.o\jnann, ‘ i obor die Urkran- 
kungsvorli.iltnisso in oinoi Aniliidabiik.' Cuinmain I'UO, Holt 17. .S. 3.‘m II.; 
Li.iyiiuinn, Dir. IVniiiman/H/K/*/■ l.iijt diiuli iiniriUiplip .jffin/a (FUoluir, .Jena. 
1903); ‘ HanoistdlTiiiliakiliuni'n in Andinialiiikon,' Zulxiln. J. (!ru\-lDm. liWIi 
Ni. 22, 8. (il7, iind liMkS. ,S. 327. 

Lull) ((JusniuL) 

begg(j & f.'niidliy, ‘bead I'ln.siinmg and Load AliMiriition.' 1912; Blrmrg. in 
'/'irerbl. II. /inffiiiiniitiii. liiiuilnn Ordi nrn h.. liorausooir. \i,ni k. k. .Arlioitsstaiiat. 
.\..lto, 1--Vi. I 01 trig Hnldoi. ISin.i -191)9 ; 1,0, 10 11111 , Du lit/ulliljiflliiif dir lili ujrfnlir 
III dn hid.. Voilau Flsolior, .Iona. I'.IDr W'ai lil.i. Du ijnirihl. liliiirri/. im 
Dflitxplipii Itpu'hp. \oikig 1,'ai.n. K.iilMnJ,o I9(1.S; Jliiini. ' l'ntor.Bn.*ii. iibor 
Hlolvolg., Flallkfllll a. M. i9(IU,' |l,o/„, Uin. II'™/luia/,). I!K.)1. ,S. J93."); itaiil- 
lmu.sok. Dihn dll. ]'iiliiilinuj dn Dl, u/ijiilu. || uii. Haitlolion. 19(1,8 ; ’J'oloky, ‘ Dio 
goworbl. Hloioorg. in OoMoii.. .'iazudlaliiiil. 1909, .S. 333, Win.ir l.lin. H'lir/ieiiscir 
1907, S. I.■l00. 


Lniii iSMCi.i'iVd 

Jitrivirij. til ijtirnhl. ii, hnttpiiniiiini. Jhhuhi ii Dc.dni.. 1 mid HI. VoilaglC.^dor, 
\yon; liu lh'knin}>jiitifj iti! llhi<j(j(ilii III Jill iliidU)!, \t'ilfig I'ispIkt, Jplia, 

1908; Wul/iloilf, Blarag. ui /piiiUinfltII, All), a. tl. Kaiscjl. Ocs.-Anito, lid. 17, 
441 : Klrtu^ihcr, * Srli.idl. in 1»1 «h- mid iSilliciiiuttoii.’ yifiteJichrsfK'hr. f. gcr. 
jVf'f/. ADdII. lid. 25. S. |;i(i. 

I'MNT.S \Mi (’otiOi i; FArTorJi.s 

Ulior Il\^donc der Ki/iMiLMinu imd Vei uendunu \oii lUedaiben: BleiviVff. m 
Untcrhl. u. hidfiinit. Jithirfmi (/r.fi i n h JV.. \. uiid \ 1. led. //,jH('r ll'irn ; 
Stuler. ‘ Bli-i\eiD. lici ' : I nifdin/u >.8,•///•. J. i>ii< u!l. lS!r>. S. 001 ; 

lilc’weisiifulniKen {SlarbalisauL-iin;:),' Z< ill'll hr. J. (d ir.-iJinj. Ilioo. Kv. 22. S. 001 ; 
' Kiunpf gegen die lih'ilailien in iMankieiclj.' ZidM-hi. f. (h ir.-ijiii/. 1909, Nr. 23, 
S. : ‘ (uifahten in Jiloiwei-sLiliriken.’ Zi ihrhi. f. (•'< ir..!li.ii. 1907. Nr. 9. S. 20."); 
■ BJciweiKBorsulz. (Au.s.'^ti'lhmg}.' Znt.'-rIn.J. (nii.-Jliiij. 19o7, Ni. IJ. 8. 2.')4 ; * J>lci- 
farOenvorbot'.’ ZclUchr. J. J9(i4. Ni. 10. S. 221 ; ‘ lileigelalir iin (.Jewerbe 

dei' An^oiclior, Muler usi\.,’ Soz. Tirlnnl'. 1909. Nr. 17. S. 333; ' iilelweissfrage,’ 
SoziaJieckn. 1908, Nr. 10, S. 310. 

Eleci'kio 2\('0I'Mi.l\tok Kactoiuks 

Wutzdorlf, Blcivcrg. ni Akkumnh-Fuht., Arb. a. d. Kaiwnl. Ges.-Amt- 
19j)8, Bd. 15, 8. 1.54; ’ Ihgi ne der Akkuiuulatorrauuic/ Zi iWhr, f, Gcw.-lJijg. 
Iw9, Heft 3, 8. 79, und Kelt 21, S. 494 ; (Un/.er. ‘ H,\ uieiie dor Akkuimdato^ 
raume,’ ZeUnclir. f. (Jnr.-JIiig. 1907, N^. 20, S. 470; * liokaiiipfutig von \*erg. ^ 
Akkui#ulatoiTar?ncn,’ fViHcorfin^lOOV, Heft 13, S. 273. 

k . 

L BTT K HP H 1 C S 'I Pi II N' 1'1 N*( 

Blrherr/. » gru'vrbl. u. hiiitenm. Bctrich. ()ei<tnr., k. k. Arbeilsdlat. Anit, Vll. 
Teil, Wieii, ilblder 1909; Ji^anwiiz, Jihiverg. iu Biuhdnuknrivii, Vcroll. d. Kais. 
Ges.-AiiitDs, im 17, 8. .103 ; ‘ Bleivcig. in <ler Buchdiliekv rei (Knquote).’ Zeitschr, 
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j; Oewi Hyg. 1909, Heft 6, S. 152£f.; ‘ Bleifreie DrtiSkfarbon und Bronzen (Preisans- 
tehriebungV Zeiischr. Oew.-Hyg. 1909, Hnt* 23, S. G30 fl.; ‘ Setzkaston mit 
doppeltem Bodon,’ ZeiUchr. J. Oew.-IIyg. 1908, Nr. 10, S. 237 ; ‘ Bloinachweis in 
den Diimpfen dor Typengiesscrei,’ ZeitsrJir. f. Oew.-Hyg. 1900, Nr. 24, S. 077; 

‘ Schriftsetzoroi (Typenblaserei*,’ Za'Ischr. f. Oew.-Hyg. 1904, Nr. 8, S. 176 ; 

' Bleigefahr in Hruokereien,’ Cmcordia 1908, Heft 18, S. 384. 

' iAecuttino 

‘ Bleiverg. bei Peilcnhauern in England,’ ZeifseJir. d. Zenhalftt. f. Arb.-WolUj.- 
JEinr. 1901, S. 232 ;^Blciorkr. b. Feilcnhauem,’ Oewerhl. techn. Ealgeher 1905, 
Heft 3, S. 50; ‘ Hygiene d. Feilcnliauerei (Cliyzor).’ Zeiischr. f. Oew.-Hyg. 1908, 
N. 13, S. 303. 

Zinc Smei.tiiig 

Froj', Hie Zinhgemimung tm ober.srhIrji. Iniuslriehezirk mid ihre Hygiene, 
Berlin 1907, Verlag Hirselnvuid : Sigel, ‘ lias (liesaorlicber iind seine Bckiipiptun^,’ 
Viertdjahrsschr. f. ger. Med. 1900, lid. 32. ,S. 173 ; ‘ Is-linmnn, Beitriigc zur hyg. ' 
Bedcutung dcs Zinks.’ Areh.f. Hyg. 1897, Bd. 2S, 8. 300 ; ‘ (iieas- odei Zinkfleber.’ 
Arch. f. llyg. 1910, Bd. 72, S. 32K ; ‘ Ilyg. dor Zinkerei.’ Zcilsrhr. f. Oew.-Hyg. 
1907, Nr. 2, S. 39 : ‘ Zinkhiitten. hyg. Emviidd.,' Zeiischr. f. Oew.-Hyg. 1901, Nr. 18. 
S. 321, 1910, Heft 11, S. 2.'i(l‘ (liesaeiliebcr, Hckaiiiprimg,’ Utoe. Techn. 1907. 

Heft 3, S. 61; ‘ (liesserci, llyg.,’ Zeiischr. J. Oew.-IIyg. 1903, Heft 16, R. 351, 
Heft 21, S. 479, nnd 1904, Hell. 13, R. 344, ‘Schiitz gegen Suuredampfe bei dor 
Metallbearbeitung,’ Zeiischr. f. Oew.-Hyg. 1904, Heft 1, R. 5 u. 11, ferner Heft 14, 
^317, u. 1905, Heft 10, S. 287. Heft 22, S. 043. 

Mfbcttrt 

. Queoksilberhutton in Idria : Ijiureck in Weyla Handh. d. Arb.-Kranlj^ 190Jj 
S. 62; ‘ Quccksilberhutten in Amiata’: Ciglioli, Haitmzzini 1909, Bd. 3, S. 230. 

Qnecksilbcrbelegerei, Hyg : SchOnlanck, Further Npicgelhelegai (Monogr.) 1888; 
Wollner, ‘ Further Spiegelbelegcn,’ Vierieijahrsschr. f. ciffenil. Oes.-Pfl. YXIX 
3, S. 421, nnd Mdnchen. med. Wochenschr. 1892, Bd. 39, R. 533; Ch.arpontier, 

‘ Further Spiegelbclegen,’ Ann. d'Hyg. puhl. 188.>, ,S. 323. 

QuecksUber in Hutfabriken. Quceksillierbcize ; .Siickler. Eevtie d'Hygilne. 1880, 
S. 632 ; Henke (Monogr.), Frankfurt a. M. 1899 ; Hasonfellbeize (Ersatz), Jahresber. 
d. Fabr.-Insp. 1884, S. 489, Zeiischr. {. Oew.-Hyg. 1902, R. 3(i0, 1909, S. 281, Soz. 
Techn. 1910, S. 39 ; Hutfabriken in Italien (Hyg.), Ilunmzzini 1909, S. 230. 

Sonstige Gewerbe: (Uuhlampemnd. (Hyg.): Donath, Wiener med. Wo^enschr. 
1894, S. 888, A. Miit. a. d. Her. d. Ocw.-hisp. 1899, Zeiischr. f. Oew.-Hyg. 1902, 
Heft 20, S. 350, und 1908, Heft 20, R. 409, 'rhermometcrerzeug. (Hyg.)*feitocAr./, 
Oew.-Hyg. 1901, S. 32. 

Arsenic 

‘ Arsenikbestimniung im Huttcnrauch ’ (Harkins & Swein), Journ. Amer. Chem. 
Soz. 1907. Bd. 29, R. 970; Chem. ZAp., Rep. 1907, S. 447 ; ‘ Araenikverg. in der 
Ind.’ (Heim, Herbert), Zeiischr. f. Oew.-IIyg. 1907, Bd. 14, R. 354; Arsonyerg. in 
der Delainage,’ Zeiischr. /. Om.-Hyg. 1906, Nr. 3, R. 71; ‘ Gewerbl. Arsenverg;’ 
(Beggo), Zeiischr. J. Oew.-IIyg. 1903, Heft 21, R. 470; ‘ Arsenwasserstoflverg. im 
Gaperbe (Prophyl.),’ Zeiischr./. Oew.-IIyg. 1908, Nr. 10, S. 229; ‘ ArsenwasaerstoS 
iui Ballongas (Beseitigung),’ Zeiischr./. OewsHyg, 1908, Nr. 11, S. 263 i 
waawrstofi beim Auslccrcn von Relinelelsanrctanks (VorhOtung),’ Gewerbl. techn. 
Rntgiher 1906, Heft 6, R. 109; ‘ Arsonfreier Wassorstoff znm IJitcn,’ Gew^l iechn. 
Ratgeber ^^6, Heft 10, R. 173 ; und Zeiischr./ . Oew.-Hyg. 1905, Hrft 6, 8^52; 

‘ Befreiung dor ^alzsiiuro vom Arsongehalt,’ Zeiischr, /.. Om.-Hyg. Ip3, Heft 21, 
S.477. ■ ' “ ( 
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Heavy type rofera to the 
fit^ures "in brackets following 
of Poisoning ; (ii) Pathology 


main treatment of tlie subject and the Roman 
to tin* Part of the l)ook: (i) Occurrence 
(lil) Preventive iileasures. 


Absorption towers, 250, 2.5b, 2S9 
Accumulator manufacture, 135 (il, 115 
29.5, 305-9 (iii) 

Acetic acid, 9, 40, 333 

Acetylene, 52, 85-87 (i). 278 (iii), 27!» 

Acrolein vapOur, 320 

Aerograph, 138 

Akremnin soap, 294 

Alcohol, 1»9, 100, 210. 210, 333 

Aicohollim, 241 

Aliphatic series. iSce Hydrocarbons 
Rlizarin, 111, 113 

wiuurs. 3, 10, 67, 90. 111. 112, 
114 

Alkaline bromides, 30 

hydroxides, 170 
Alkaloids, 210 

Alternation of employment, 227 (iii). 
293, 299 

Amalgam. See 51orcury amalgam 
Amido nompounds, 110, 112, 201, 211. 

212 (ii), 287 
Aminos, 38. 107, 111 
Ammonia, 4t, 08, 71, 72. 7(i-79, 82 
90-9#ti). 94,176 (ii), 279^). 280 
Ammonia soda process, 14, 20 (i), 92, 
258 

Ammonium carbonate, 44, 91, 92 

compounds, 07, 90 (i), 92, 
174 (ii), 279 (in) 
nitrate, 44, 116 
axalato, 115 
phosphate, 60, 92 
snporphoephste, 65 1 
Amyl alcohol, 46, 210 
«il)j(e, 46. 46, 212 
Aniline, 3, ffj|69, 70, 90. 105, 109, 111, 
112, ifc, 116-119 (i^ 145, 166, 
* 218-2f|(U),286J888(iii) 


.\nilmo lilacli, 117, 150 

colours, 3, 4, .57. 112,'.n6, 117, 
118, 150, 214, 285-288 (iii) 
oil, 117, 211 

poisoning, 3, „9, 113, 116-119 
(i). 212-2r4 (ii), 256-288 (iii) 
Animal proilucts, lot ^ 

Anthracene. 3, lit), 96-97, 108, 

111,113,285 
Autliraquinone, .55. Ill 
Antimony, 122, 124, 143 (i) 
chloiidc and oxide 37 
Antij.yrin, 3. 4, 30, 102, 104, 114 
Argyria, 45. 1.52. 188, 329. See also 
Sliver 

Aromatic serie.s. Sec Hydrocarbons 
Arsenic. 12. 05. 119. 122, 143-146 (i), 
15t, 189, 159 (ii). 2,57, 323, 328-328 
(iii) 

Aiscninrcttcd hvdioLcn gas, 12-14, 32, 
113, 114, 145-146'(i), 148, 149, 188, 
189. 197 (il). 257, 279. 286, 316, 
328-329 (iii) 

Artilicial inariure, 38. 53 (i), 64, 66, 
92.176(ii). 261-265 (iii) 

Artiiicial respiration, )64, 284 (iii) 
Asphalt, 98 (i), 285 
Aspirin, 102 

Ami-colours, 96, 110, 214 


Balloon Hllhig. 146, 320 
Barium chloride, 16, 60 
nitrate, 44 

feitromctirs, manufaetnic^if, 14LA42* 
328 

Baryta, 66, 07. 136 , 

Basic slag, 49, ,53, 54 (ik 148, 261-264 
(iii) ** 


355 
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PasopUl granules, 178 
Baths, 237, 292 ■ 

Beer brewing, 05, 154, 333 
BonzalchloriiU', 35, 110, 287 
Benzaldehyde. 35, lOfl < * 

Benzene (Benzene poisoning), 3, 4. 00, 
77-70. 85, 00, 99-100 (i), l.')l. J02- 
jfclOB, 112-114, 804-208 (ii). SSsAlSO 
(iii). 288, 330 
Benzidis^, 118 

Benzine, 34, 53, 54ii^9 (i), (>1, 02, 03, 
04, 08, 69, .85, 00, 150, 203. 204 (u), 
267 (iii), 208, 330 
Benzol. See Benzene 
Bonzo-triublonde. 35. 100, 2S7 
Benzoyl chloride. 35, 2()9 
Benzyl ohloride. 35 
Beeflem«*r ])roeess, 148 
Beth lilter, 254 

Bichromate. 50. 5-J. 55. See < 'liroinates 
Bladder, euncer of. 114, 117. 214 
Blast furnac(‘, 146 (i). 289 (in) 

gas. 05, 82, 88, 89 (i), 140., 289 290 
(lii) 

Blasting uelatiiu*. 47 
Bleaching, 150. 337 
. powder, 26 (i), 259 (lii) 

Blood poisor‘’-r.»8, 104, 199-201. 211- 
214 --'-^' 

Bot& extraction, 08, 09, 207 
Borftolc iicid. 138 
Bo 46, oapsulos, 323 
Braas “(braRs-casliTs' ajiuc). 152 (i). 182 
(u), 188, 326 (iii) 

Breathing apparatus, 231-237 (iii). 

267, 286, 288, 29(1, 310 
Briquettc,s, 96. K'l 
3romine, 29 (i), 3(;. .52,173 (ii) 

Bronze, 45. ]3!l, 316 
Brunswick green, 144 
But^ alcohol, 210 
Bnijrie-acid, 7.5 


Calamine, 125 

Calcium carbide, 52, 85 (i). 87, 90, 278 
sulphide (soda waste), 18 
Calomel. 143 4 

Camphor, 49 

Cancer, 64, 102, 114, 118, 203, 214 
Carbon bisulphide, poisoning by, 30. 

31, 34, .50, 65, 68 (i), 68-71, 
74. 80, 113. 96, 104, 1.56, 1112, 
193-195 (ii). 271-275 (iii). ,, 
oxydhioride, 32 (i), • 33, 294 
(iii) 

^tracblorido, 84 (i), 69, 208, 
268.,275 


CarhonS^lacid gas (carbon dioxide), 17, 
50,, 63, 64, 68, 74, 82, 131, 
149, 163, 201-202 (ii), 330, 
332 

oxide, 17, 21, 31, 32, 60, 
74-76, 80, 82, 87-90 (i), 
102, 107. 119, 148, 149, 
153, 154, 1.56, 188, 199-200 
(ii). 288. 289, 323. 330, 332 
Carbonising, 150, 3S0 
Carborundum. R<m' Silicon carbide 
(!arbii:i (t^d gas, 01, 89, 87 
(’anstie alkali, 25 

ixitasli. 9. 25. 9t. 170 
soda. is. 19. 25, !10. 157. 170 
Celluloid. IS. 19 
('elluloM-, 150. 99<) ^ 

CliamlH'r aiiil, .5. 8. .59, 258 ' ' 

Chance.rians pi-oet'ss. ]9 

Ch( imr,ii (l‘•<^nin'_^ Sr(‘ Ik'iizine 

iiidnsti\'. 1 (i), 194, 145. 

256 (lii) 

Chili sallp. Ire. 9.5. 99, H, 45, 54 
Ciiloral. 91 

(’hloraU's, 23 (i), 25, 2(k 29. 90, 52 
Chlorideof lim(\ Se»‘ lUc'ac-hing jiowdor 
Hulphur. 91, 92, 08, 79. 
174, 272-274 
Chloride.s. 30 (i), 174 (ii) 

(’lilonnc', 29 (i). 25, 20, 27. %32, 34, 
95, 99, 4 I. 52, 58, loOR^B {»). 
209, 259 (iii). 285 
rash, 28, 95, 179. 174, 209, 259 
('hlorinc eompounilK, organic, *7, 69, 
299, 285 

Chloroform. 20. 99, 94, 208 
Chrome colours, 55, 50. 205 

poisoning, 52, 68 (i), 57, 58, 
114, 159, 186 (ii), 266 (iii) 
tanning. 65 (i). 67, 58,266 (iii) 
yidhw, 44, 55, 57 

Ciirominni ((hromates), 3, 62, 66(i)-68, 
111, 134, 159, 186 (ii), 266 (Ui), 271 
C’oal tar. Seo Tar • ,* 

(/obalt, 144 * 1 *^ 

Cok(‘ ovens, 77 (i). 78, 79, .(2,102, 104, 
276 (iii) 

Comfiositors. ,Sco Printing 
Comlensation, 265 (iii), 323, 327 
of mercury, 141 
zinc, 125 

CopfK^r, 151 (i), 188 (ii) 

Cresols, 90. 101, 109 
Cumi-iie, 207 

Cyanct'(>n, 77. 93 (i)» 152, xvo \u;, 

279, 280 (iU) 

compounds^ 71, 79, 92^46^\1), 94, 
95, 103, 152, 164,ti06 (ii), 198, 
• ■ 262,v?79, 880 (iii)if.289 
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DxACOK pro(lea^ 23, 2S 
Denitration, 6, 43, 47, 48, 287 
Desilverising, 124, 126, 128 •> 
Diaphragm method (chlorine), 24 ,' 
Diazo-compounds, 110, 286 
Diethyl sulphate, 23 
Digestive tract, diseases of, 70,129,130, 
133, 179, 182, 180 
Dimethyl aniline, 109 
Dinitrobenzcnc, 35, 108, 112, 115, 110. 
212 

Dinitrochlorobenzene, 115, 209.212 
Dinitroplienol, 115, 212, 213 
Dinitrotoluol. 108, 212 
•Distillation, 253, 255 
* of alcohol. !i33 

]i^roleum. Si'c I’etrolioim dis- 
• ‘ xillatioii 

tar. See T.ar ilisiillaliim 
Dowson gas, 82, 83. S7, 270 
Dragor’s oxygen ap|i.uatus, 10.5-ll>7 
Dry cleaning. See Ilen/nte 
Dust removal, 243 256 (in). See 

also Ventilalion 

Dye stuffs. 107-119 (i), 214 (ii), 285 288 
(iii), 337 

Dyeing and colouring. 44. 45, 55, .57. 

92. 134 144. 1.50, 205, 310-310, 3.37 
Dynalnite, 43, 47 


*, 

Fluorine. • ,So6 Hydrofluoric acid « 
Fluorine oomplunds, 37, 54, 163, 171, 
205 


Flux, 13u, 149 
Frit, 13^ 136, 137, 138, 320 
Fucheiri. Ill, 113, 119, 144, 287 
Fulminal^ of mercury, 48 (i), 143, 261 


(Jalvaki-i’tu, 94, 95, 152, 326, 329 
Gas engines, 82, 88^9,100, 27^278 (iii) 
lighting, 71--M (i), 92, 93, 175, 
275 (lii) ■ 

lime. 05, 94, 153. 275 j ■ 
purifying material. 5, 65, 68, 74, 
75,‘ 93 (i), 275 (iii). 270 
Gay-Lussac tower, 5. 0. 10„ ^1, 250, 
257. 287 

Genei ator gas. See Producer gas ' 
(Mass et<-!iing. 37. 38, 153, 330 

iudusirv. 19. 37, 39, ,55, 58, 82, 
88. 138. 143. 153 (i). 322 
peiii-l silvering. 1.52 
Glazing, 135 -138 (i), 319-322 (iii) 
GloviT acid. 0, 8 

towi*r, 5, il, 2*57 287 
Gold, 44, !I4, 125, 152 
Gun-cotton, 47 49 
Guttapercha, till 


E-inTiiKirWABK. See Pottery 
iftzema, 04, 180 
Elcc'lil: furnace, 85 
Electroplating, 19(i, 327, 329 
Enamel, 135, 322 
Encephalopathy, 181 
Etching on glas.s and metal. 37. 40, 45, 
57 

Ether. 08, 69 
Ethyl alcohol, 34, 210 
chloride, 34 

ExploSivcB, 46 (i). 49. 115, 260 (iii) 
Extraction, 54, 01. 68 (i), 68-(i9, 71. 
liiO, 103,, 117, 180, 258 (iii). 207, 
272-ift 

Eyo affeoiVs, 21, 23. 38, 55, 57. 05, 
68, 70, 7S, 93, 115, no, 119, 171, 
174, 175, 210 


844-247 (iii). See also Ventila¬ 
tion 

Fat extraction, 34, 01, 08, 70. 71, 
272-274 I » 

Fermentation. 154, 333 
Fenoariwsm, 53. 85, 1-46, 149-161 (i), 
199. 291 N) 

Fil^cutting, %40 (i), 294, ^2-828 (iU) 


H.tinoLV.sts. 1.58 
Halogens. 31 (i). 173-174 (ii) • 
Hariircavcs ]>roc(*ss. 19, 28 
Hatt('r.s’ furriors’ ])r(K‘esses, 45, l41, 
142, ir)4. :i27 
Ilansmaiinitc, 58 

llfalth rt'iTJslor, 227. 204. 274, 298,- 
;!01, :i()7 

uinl hkins. ^ircparation 142, 
142, 144, 184, 227 
Hops, sulphuring of, 154, 333 
House paiiitinu. 121. 122, (i). 

291.314-816 (hi) 

Hytlrocarboiis, 90, 100, 158, 280, 287, 
320, 331 

(aliphatic), 9(5. 202 
(aromatic). 9(5. 108. 109, 202, 204, 
. 330 

H>^iroc‘hloric acid, 14 (i), 15, 20, 21, 
23, 30-25. 29, 44, 50, 54, 59, 113, 
115. 131, 170 (U), 257-268 (iii), 286, 
32(5 ^ 

Hydrofhioric acid. 29 (ih 37, 38 6i, 
54, 9(5. 153,171 (ii). 265 (iii) 
hypoehlijiite, 25, 30 


Incandescent lamps, 3S!» 
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Indibrabber, 81, 61, 63, 68-W (i), 100, 
103, 134, 194, 287, f?l-374 (ill) 
Indigo, 34; 92, 111 
Injectors, 246 

Insuranoo, Workmen’s, 224 <. 
International Labour Bureau, 219 
Iodine, 30 (1), 36, 178 (ii) „ 
compounds and poisoning, 35' 

Iron, 44, 124, 144, 146-149 (i), 289- 
291 (iii) 

Kidney disease, 67,130, 181,185, 215 


Lampblack, 97 

ad, 8, 13, 29, 44, 56, 68. 69. 120- 
140 (i), 144, 149, 152, 156. 
177 182 (ii). 329 
acetate, 5.5, 131, 134 
burning, 140, 323 
carbonate. See White lead 
chloride, 55, 181 

chromate, 65, 57, 132, 134, 138, 
310 

cohe, 179. .See Lead poisonuig 
colours, 181-134 (i), 293, 294, 
296, 810-816 (iu) 
nitrate, ^ 55 

'TIS, 122, 131, 1,34, 135, 
137, 181 
piping, 140, 323 

poisoning. 3, 13, 44, 69, 93, 114, 
120-122 (i), 146, 149-152, 177- 
182 (ii), 292-328 (in) 
silicate, 135 

smelting, 122-131 (i), 299-806 (iii) 
sulphate, 55, 122, 181 
sulphide, 122, 131, 136. 293 (iii) 
Leblanc soda process, 14 (i). 18, 19 
Light oils, 98 
Ligroine, 61 

Lime kilns, 66, 1.53, 3,30 
Litharge, 124, 126, 129, 131, 132, 134, 
135, 138,'•800-305 
Lithopooe; 'See Zinc white 
Lungs, diseases of, 9, 40, 54, 68, 76, 
78, 106, 118, 169-177, 189, 201, 
204„;JI3-^16 ■ : 


MAHOOAltY, 156 
ilalt^ng,333 

^angaatge (manganese poisoning), 23, 
29j 63 <1), 59, 163,179-180 (u) 

DCeal rooms, 236 . 

Ifercaptan, 22,-9(1 

^reury and meroiiry poisoning, io, 
. 44,141 (i), 152,154,184 (ii), 
326^7 (iii), 326 
unaktim, 14L 142. 327 


%t^ reooTery 6f, 120 (i), 178 (fi 
288 (iii) 

Metaphenylene diamine, 118 
Methyl alcohol, 38, 34,36. 37,107, 156 
209, 810 (a), 836 
bromide and iodide, 36, 209 
chloride, 33, 209 
violet, 112, 119 


Mcthylamine, 96 
Methylene ohltaide, 34, 208 ■ 
Mineral acids, 169-172 (ii) ■ 
Mineral oil, 69 (i), 60-63, 64, 65, 85 
Mirbanc, oil of. See Nitrobenzol 
Mond gas, 82, 87 


Mordants, 32, .55, 337 


Muffle furnace, 16. 20, 22, 126, 137 
138, 143, 2,58, 325 « 


Naphtha. Sec Petroleum 

vapour, 42, 63, 267 
wells. 61, 62, 267‘ , 

Najihthulene, 74, 96, lOO,''101, 113 
208 (ii) 

Naphthol. 9, 06, 101, 109, 110 
yellow, 110 

Naphthylamine, 103, 110, 118, 287 
Narcotic poisons, 208, 209 
Nephritis. See Kidney disease 
Nerve poisons, 158, 192, 205 
Nervous diseases, 70, 107, <963, 161 
184, 189, 190. 193, 194, 196, 197^ 
199, 202, 204, 205, 215 • 

Nickel, 144, 186 (ii) - u 

carbonyl, 188-188 (ii).' 
cczoDitt, 186 
Nicotine, 21(> 

Nitrating, 41-43, 47, 49, IQS (i), 201 
(iii), 280 

Nitric acid, 2, 6. 9, 10, 39 (i), 43 ^ 4 $, 
107, 116, 182, 172 (ff), 880 (in), 261; 
285-287, 326 


Nitrobenaene, 3,9,36,40, 41, 45, Igg- 
116 (i), 212 (U), 286-288 (ui) ■ 
Nitro-oeUulose, 40, 42, 47 , 48^36 
Nitrochlorobenaene,' 116, 209*" 
Nitro-compounds, 40,108 (i), 109-112, 
114,116,211-214 (ii). 286-888 (fB)- 
Nitro-glyoorin, 9, 40, 41,. 43; « (1), 
47, 48, 812 (ii), 261 (ui) ■ ■ 

Nitronaphthalin, 116, 116, 214' 
Nitrophenol, 3, 46, 115, 212, 288 ** 

Nitrous fumes, 10, 12, 4(li44 (ik48. 

116, 171, 261 (iii), 286, m t ' 
I4otili|^tion of poisoning, 880-lSS SB) 


Oil oxtraotion, 61, 68, 60, 
Organ Vpo making, 140 . f ' 

OvA-lin h.pif1S.iCR Omi 





OzTgen luxation, 4!l, 63, 64,16^1681 
(U). 188,192, 196, 300-202, 204, m 
227; ^-237 (iii) 

pAlsnsa. 8^ House painting. 

Paints (qniok-4lyiiig), 880-332 ~ 
Paper; ur^oiaoture o{, 336 
Parato, ISO, 59, 60. 96, 98, 101, 107 
' 20S. . 

eozanu^ 27, 64,'66, 102, 203 
Paranitraniliae, 114, 118, 214 
Paraphonyleno diamine, 118, 214 
Parfcoa’ process, 125, 127 
^attinson process, 125, 127 
*Pctrol other, 60, 331 
Petroieunw (petroleum poisoning), 59 - 
■♦§#(i), 202-204 (ii), 267 (iii) 
Phenafithrene, 96 
Phenol. 76, 60, 90-100, 108, lOO 
Phenymydrazino, 36 
Phosgene. , See Carbon ciyonlorido 
Phosphor Bronze, 52 
Phosphorottod hydrogen gas, 50. 52 (i). 

86 , 90,149, 191-192 (i) 

Phosphorus, 31, 30, 49 (i), 50, 52. 148, 
, 149, 190-191 (n), 268- 

271 (iii) 

necrosis, 61 (i) 62, 190- 
191 (ii), 268-271 (iii) 
prohibition of, 51, 220, 
- 288-271 (iii) 

Photography, 30, 45, 58, 94, 162 
Picric oMd, 40, 90, 100, 108, 116, 110, 
218 (iii 

Pitch, 96,;97, .107, 281, 282 
Plate testers, 7,’ 10, 39 
Poisons,' pJassMcation of, 157-183, 
169 (ii) 

Porcelain, iftS (i), 322 
Pdtiitgmia bichromate. See Chromium 
chlorate, 26, 29, 37. 60, 52 
Pottei;y, 136-188 (i), 163, 294, 319-321 
Power ga?, 80-90,(1), 277 (iii) 

Prmting, jig, giy-gig p) 

Produoer^as, 80-82, 87-89, 163, 276- 
278 

Propyl alcohol, 248, 249 

Prussic held,. See H>’drocyanic acid 

Pttlmotor. 1(57,168 

Prodine, 69, 90, 96, 101, ISC, 216 
(!i),286 

Pyrites burn*, 5, 6, 05, 256 
Pyrox3d(B»,4li,261 


QuiOK,t*ii^ paint 
Qatflkllian, 5^3 
Qnidl^ns hasetlld 


paints, 380-832 


EBiiictAa.' SeeijSenio * 

Eefr^oration, 9E 93,164 
Eegenerator Bring, 81, 148,' 163 
Kesoue apidiauoes, 164-188 (ii), 280- 
286 (iii^ 

Respiriiov?, 229 (}ii)., ' 

Roasting <calcinrjig furnaces, to.), 6,' 
ll,*66, 119, 120, 12.5-127, 12^ 130, 
131, 141, 143, 253, 288-289 (iii), 
299, 323, 327 
Roburito, 115, 116*.i» 

Roofing felt, 90, 101, 281 
Rubber. See- JndWmbbor 


Salt, 32, 33 ' 

Saltcako. See Sodium sulphide ' 
SaltiKitre, 35, 42, .50, 267 
Satinwood, 1.54, 156 » 

Se- r gas, 60, 07, 93, 95 
Shot, 121, 140, 140 
Silicon carbide, 85, 140, 323 
Silicofluorio acid, 38, 50, .54, 17i 
Silk, artiOcial, 49 

Sdver (argyria), 45, 92, ’CO (i), 122- 
125, 144, 152 

nitrate, 40, 46, J42, 188,*227 
smelting, 122, 13S|i^^ 

Skin diseases, 27, 38, 47. 

68 , 02, 04, 06, 71, 90, 102, lOT^m, 

143, 144,154-160,171, 173. 186-189, 
203, 208, 209, 265 

Smelting processes, 89, 94, 119 (i), 143, 

144, 182, 288-290 (iii), 299. 323- 

325,326 * 

Smokeless powder, 49, 211 
Soda, 2. 14 (i), 17-20, 55, 66, 9Sj, '96, 
258 (iu) 

electrolytic, 20 • 

waste, 18, 0.5, 258 . 

Sodium bichromate. Seo’Chromate 

sulphate and sulj^de, 14 (i), 
17, 19-22, 22.112, 288 (iu), 
288 . ■ 
Soldering, 145, 310, 329 
Solvay method. See Ammonia soda 
Solvent naphtha, 90-W2, 106, 287,(ii), 
330 • • 

Spirit, denaturing of, 99, 

216 

Substitutes for poisonont materiids, 
248 (iii) 

Suction gas, 82 (1), 88, 87-8d( 876-878 

(Si) . 

St^ho-oyanide ooB^onds^ 7g, 

Sulphonal, 22, 259 (iii) 

Sulphur, 31, 62, 65 (i). Mi, 88„74, 93 
122,288 V , ' 


0 





»«ulpllvir dioxide, 6 (i), 8, 13, 14, 1ft 21, 
23, 31, 54, «i, 66, lift 120, 
122-125, 148, 154, 171 (ii), 
267 (iii), 259, 267, 279, 288, 
323, 326, 327, 33C 
dyes, 112 

t soap, 294 r I 

Sulphuretted hydrogen, 8, 12, 13. 16, 
18, 21, 50, 62-54, 65 (i), 66. 07. 74, 
79, 90-93. 95, 96,^01, 102, 103, 106, 
107, 112, 114, IV 192 (ii). 193, 258, 
. 271, 279, 280, 285, 286, 290 
Sulphuric! acid, 5 (i)( 9. 14, 18-20, 23. 
33, 37-41, 46. 47. 49, 50, 53, 
54, 60, 64 . 65, 67. 92, 93. 108, 
112, 119, 145; 151, 154. 1.76, 
171 (li), 256-267 (iii), 261, 279, 
286 

arsenic free, 9 

Superphosphate industry, 38, 53 (i). 

.54, .55, 92.176 (ii), 261-265 (liil 
.Swedish inatehes, .50, 52, 55, 58, 265 


TAN^JNci, 55, 56. 58, 6(i, 67, 94. 143. 
144, 163, 265, 329 

.Tar, 71, 77-% 06-107 (i), 156, 275, 
28fi.s«?e (iii) 

^!«CJsut8. Sec Aniline colours 
' derivatives, 40, 46, 96-107 (i), 
204-208 (ii), 210, 213-216 (iii) 
Teak wood, 154 

Textile industry, 1.34,166 (i). 336 (iii) 
Thermonyjtcrs, manufacture of, 141, 
328 


■UrrRAiUBINE, 19," Sft 369 • 
Ursol, 118 


VaeniSu, 5ft 61,101, 215, 330-332,937t 
Vaseline, 60 • 

Vegetable food staffs, jA'epajation of, 
164 (i). 332-836 (iii) 

Ventilation, 243-2^ (iii) 
artilieial. 244-247' 
localised, 248-25(f 
natural, 243 
Wriuilion, 57 

Vulcanising, 31, 68 (i), 68-70, 272-27 
(iii) ■ , 

Wasiiinc; accommodation, gf? (iii), 
Waste sulphuric acid, 43, 53 
walc'r, 66 

Wtttc-r gas. 82. 81, 87, 88 

gilding, 141. 142, 327 
IVelilcin process, 23, 29, 68, 69 
W bite lead, 55, 131 134 (i), 310-318 
(hi) 

Wood (poisonous). 154-166 (i), 216 (ii), 
386 (lii) 

Workmeu'.s baths, 237, 292 
clothing, 229 
insurance, 219 
welfare, 237-24.*' 


Xylene, 32, 99. 100. 107, 204, 2g6 


Tiles, 137-138 (i). See also Tottery 
Tin, 44, 138 

Tobaeeo industry. 164 ( 1 ). 335 (iii) 
Toluene, 32. 35, 96, 108. 112, 204, 
206 (ii), 285 

Toluidine, 108, 111, 118. 214. 285, 287 
Treatment of poisoning, 163-127 (u) 
Turpentine, (!0, 104, 216 (ii), 331 
Type casting, 138, 139 


Zi-Nc, 120 (i), 121 .122 131 (i). 139. I 44 . 
151. 182-183 (ii), 294, 209-306, 
323-326 (ill) 
ashc'.s, 125 

oxide, 32, 38, 125, 145, 182 
jioisoning, 182-183 (i), 325 (iii) 
sraeiting. 122-125, 125-131 (i). 

323-825 (iii) 
white. 68, 293 
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INDUSTRIAL POISONING 


PART 1 

DESCRIPTION OF THE INDUSTRIES AND 
PROCESSES ATTENDED WITH RISK 
OF POISONING: INCIDENCE OF SUCH 
POISONING 

I. THE CHEMICAL TNDUkSTRY 

GENERAL CONSIDERATIONS AS TO INCIDENCE OF INDUSTRIAL 
POISONING 

The chemical industry offers naturally a wide field for the 
occurrence of industrial poisoning. Daily contact with the 
actual poisonous substances to be prepared, used, stored, and 
despatched in large quantity gives opportunity for either 
acute or chronic poisoning—in the former case from sudden 
accidental entrance into the system of fairly large doses, 
as the result of defective or careless manipulation, and, in the 
latter, constant gradual absorption (often unsuspected) of 
the poison in small amount. 

The industry, however, can take credit for the way in 
ijhich incidence of industrial poisoning has been kept down 
in view of the magnitude and varieoy of the risks which often 
,Jhreaten. This is attributable* to CRb comprehensiv'd hygi*Kic 
measures enforced in large chemical work% keeping abreast of 
modern advance in technical knowledge. A section of this 
book doak with the principles underlying these *measures. 
IUrverchelessf,^despite all regulations, risk 8{ poisoning cannot 
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' ]^‘ \vhoW banished. Again and again accidents and illness 
occur for; which industrial poisoning is responsible. Wholly 
to prevenit this is as impossible as entirely to prevent accidents 
by^ mechanical guarding of machinery. 

Owing to the unknown sources of danger, successful 
measures to ward it off are often difficult. The rapid advance 
of this branch of industry, the constant development of" new 
processes and reactions, the frequent discovery of jiew materials 
(with properties at first unknown, and for a long time insuffi¬ 
ciently understood, but nevertheless indispensable), constantly 
give rise to new dangers and possibilities of danger, of which 
an accident or some disease with hitherto unknown symptoms 
is the first indication. Further, even when the dangerous 
effects are recognised, there may often be difficulty in devising 
appropriate precautions, as circumstances may prevent im¬ 
mediate rbeogiiition of the action of the poison. We cannot 
always tell, for instance, with the substances used or produced 
in the processes, which is responsible for the poisoning, because, 
not infrequently, the substances in question are not chemically 
pure, but may be either raw products, bye-products, &c., 
producing mixtures of different bodies or liberating different 
chemical ciynpounds as impurities. 

Hence difficulty often arises in the strict scientific explana¬ 
tion of particular cases of poisoning, and, in a text-book sueh 
as this, difficulty also of description. A rather full treatment 
of the technical processes may make the task easier and help 
to give a connected picture of the risks of poisoning in the 
chemical industry. Such a procedure may be especially 
useful to readers insufficiently acquainted with chemical 
technology. 

We are indebted to Leymann ■ and Grandliomme ^ especi¬ 
ally for knowledge of incidence of industrial poisoning in 
this industry. The statistical data furnished by them are the 
most important proof that poisoning, at any rate in lar^e 
factories, is not of very frequent occurrence. 

'--Leymann’s statistics "Velatfe to a large modern works in 
which the number.employed^during the twenty-three years of 
observation increased from 640 in the year 1891 to 1662 in 
1904, givmg an aveitge of about 1000 yearly, one-half of whom 
might properly, bo defined as ‘ chemical workerA’ • Ihe fact^fy 
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THE CHEMICAL INDUSTRY 

• / 

is concerned in the manufacture of sulphuric, nitric, hydils-' 
chloric acids, ^alkali, bichromates, aniline, trinitro-phenol, 
bleaching powder, organie ehlorine eompounds, andyotas&ium 
'permanganate. 

These statistics are usefully complemented by those of 
Grand^orame drawn from the colour works at Hochst a-M. 
Th“ large aniline works employs from 2600 to 2700 workers ; 
the raw mat»rials are principally benzene and its homologues, 
naphthalene and anthracene. The manufacture includes the 
production of coal-tar colours, nitro- and dinitro-benzene, 
aniline, rosaniline, fuchsine, and other aniline colours, and 
finally such pharmaceutical preparations as antipyrin, dermatol, 
sanoform, &c. Of thn 2700 employed, 1400 are ehemieal 
workers and the remainder labourers. 

These two Heries of statistics based on exact observations 
and covering allied chemical manufacture are taken together. 
They seek to give the answer to the question—How many and 
what industrial poisonings are found ? 

The figures of Leymann (on an average of 1000 workers 
employed per annum) show 285 cases of poisoning reported 
between the years 1881 and 1904. Of the.se 275 were caused 
by^iline, toluidine, nitro- and dinitro-benzene, (/litrophenol, 
nitinchloro and dinitrochloro benzene. Three were fatal and 
several involved lengthy invalidity (from 30 to 134 days, owing 
to secondary pneumonia). Included further sye one severe 
case of chrome (bichromate) poisoning (with nephritis as a 
sequela), five cases of lead poisoning, three of chlorine, and one 
of sulphuretted hydrogen gas. In the Hochst a-M. factory 
(employing about 2500 workers) there were, in the ten years 
1883-92, only 129 cases of poisoning, of which 109 were 
due to aniline. Later figures for the years 1893-5 showed 
122 oases, of which 43 were due to aniline and 76 to lead 
(contracted mostly in the nitrating house). Grandhomme 
nifntions further hyperidrosis among persons employed on 
solutions of calcium chloride, injury to health from inhalation 
9 ;^methyl iodide vapour in the‘’antipyrin department, a fa?5il 
case of benzene poisoning (entering Qin empty vessel in which 
materials had previously been extracted with benz|ne), and 
flnidly ukejation and perforation of the 4eptum of the nose 
inlWveral chrome workers. 
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'fhe '^umber of severe cases is not large, but it must be 
remembered that the factories to which the figures relate are 
in every**respect models of their kind, amply provided with 
safety appliances and arrangements for the welfare of the 
workers. The relatively small amount of poisoning is to be 
attributed without doubt to the precautionary measures taken. 
Further, in the statistics referred to only those aaseS' are 
included in whicli the symptoms were definite, or so severe as 
to necessitate medical treatment. Absorption of the poison 
in small amount without producing characteristic symptoms, 
as is often the case with irritating or corrosive fumes, and such 
as involve only temporary indisposition, are not included. 
Leymann himself refers to this when dealing with illness 
observed in the mineral acid department (especially sulphuric 
acid), and calls attention to the frequency of affections of the 
respiratory organs among the persons employed, attributing 
them rightly to the irritating and corrosive effect of the acid 
vapour. Elsewhere he refers to the frequency of digestive 
disturbance among persons coming into contact with sodium 
sulphide, and thinks that this may be due to the action of 
sulphuretted hydrogen gas. 

Nevertheless, the effect of industrial poisons on the liAilth 
of workers in chemical factories ought on no account to be 
made light of. The admirable results cited are due to a proper 
recognition of the danger, with consequent care to guard 
against it. Not only have Grandhomme and Leymann * 
rendered great services by their work, but the firms in question 
also, by allowing such full and careful inquiries to be undertaken 
and published. ‘ 

SULPHUBIC ACID (SULPHUR DIOXIDE) 

Manufacture. —Sulphur dioxide, generally obtained by 
roasting pyrites in furnaces of various constructions, or, mjre 
rarely, by burning brimstone or sulphur from the spent oxide 
oUgas-w'orks, serves as the raw material for the manufacture 
of sulphuric acid. ^ Befq'-e rpasting the pyrites is crushed, the 

• Leymann has dealt*jfith th# conditions of health in a large aniline factory 
in a later work wbictv w referred to in detail in the section the aniline 
industry. 
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‘lump ore’ then separated from the ‘smalls,’ t^ former' 
roasted in ‘ lunyD-burncrs ’ or kilns (generally sever^ roasting 
furnace hearths united into one system), and (Jle lalter 
preferably in Maletra and Maletra-Schaifner shelf-burners 
(fig. 1) composed of several suj)erimposcd firebrick shelves. 
The^yrjtes is charged on to the uppermost shelf and gradually 
worked downwards. Pyrites residues afe not suitable for direct 
recovery of iI^:)n, but copper can be recovered from residues 
sufficiently rich in metal by the W'ct process ; the residues 



thus freed of copper and sulphur are then smelted for 
recovery of iron. 

Utilisation for sulphuric acid manufacture of the sulphur 
dioxide given off in the calcining of zinc blende (see Spelter 
wtrks), impracticable in reverberatory furnaces, has been 
made possible at rhe Rhcnania factory by introduction of 
muffle furnaces (several superimposed), because by this means 
th# gases led off are sufficiently concentrated, as they are not 
dilutod wdth the gases and snjpke jfrom the heati.»g firQ^i. 
Ti'ffs method, like any other which utilises the gases from 
roasting furnaces, has great hygieiilc,ili:addit'ion to economical, 
^vantages, because escape of sulphar dioxide gas is‘avoided! 
fiiraace gasss^ Uio poor in sulphur dioxide* kq s^rve for direct 
prOSuctior. of sulphuric aeid, can with advantage»be .m^de to 

... • ® 
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“p/oduce ^quid anhydrous sulphur dioxide. Thus, the sulphur 
dioxide gas from the furnaces is first absorbed by water, driven 
off Etgain'by boiling, cooled, dried, and liquefied by pressure. 

• The gaseous sulphur dioxide obtained by any of the 
methods described is converted into sulphuric agid cither by 
(o) the chamber process or (6) the contact process. , 

In the lead chamber process the furnace gases pass through 
flues in which the flue dust and a portion of the arsenious acid 
are deposited into the Glover tower at a temperature of about 
300° C., and from there into the lead chambers where oxidation 
of the sulphur dioxide into sulphuric acid takes place, in the 
presence of sufficient water, by transference of the oxygen of 
the air through the intervention of the oxides of nitrogen. 
The gases containing oxides of nitrogen, &c., which arc drawn 
out of the lead chambers, have the nitrous fumes absorbed in 
the Gay-Lussao tower {of which there arc one or two in series), 
by passage through sulphuric acid which is made to trickle 
down the tower. The sulphuric acid so obtained, rich in 
oxides of nitrogen, and the chamber acid arc led to the Glover 
tower for the purpose of denitration and concentration, so 
that all the sulphuric acid leaves the Glover as Clover acid of 
about 136 -cl44° I’w. Losses in nitrous fumes are best made 
up by addition of nitric acid at the Glover or introduction 
into the first chamber. The deficiency is also frequently made 
good from ni(jre-pots. 

The lead chambers (fig. 2) are usually constructed entirely— 
sides, roof, and floor—of lead sheets, which are joined together 
by means of a hydrogen blowpipe. The sheets forming the 
roof and walls are* supported, independent of the bottom, on 
a framework of wood. The capacity varies from 35,000 to 
80,000 cubic feet. The floor forms a flat collecting surface fpr 
the chamber acid which lutes the chamber from the outer air. 
The necessary water is introduced into the chamber as steam 
or fine water spray. • 

The Glover and Gay-Lussac towers are lead towers. The 
Gtover is lined with aoid,-proof bricks and fiUed with aqi^i- 
proof packing to increase tlje amount of contact. The Gay- 
Lussac if filled with ook^ over which the concentrated sul¬ 
phuric acid referred to above flows, forming, aftef;, absorption 
of the nitroys' fifmes, nitro-sulphuric acid. 



t. • •• 

Flu. 2 b.—L ead Chamfler System—Plan 
A Pyrites Burner E 'Air Siiaft 

B Glover Ton’cr E, F,4 F/' F'"^ Acid RoscE^*^^$ 

C Draft Ucgulator G Acid Egg • 

D, D' L^ad*Chambera H Cooler 

J Gay-Lussac Tower 
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!Vs already stated, two Gay-Lussac towers are usually 
conncctedr together, or where there are several lead-ehamber 
systtema there is, apart from the Gay-Lussac attached to each, 
a eenfral Gay-Lussae in addition, common to the whole series. 
The introduetion of several Gay-Lussac towers h^s the advan¬ 
tage of preventing loss of the nitrous fumes as much as possible 
—mainly on eeonomical grounds, as nitric acid is espensive. 
But this arrangement is at the same time advantageous on 
hygienic grounds, as escape of poisonous gases containing 
nitrous fumes, &c., is effectually avoided. The acids are 
driven to the top of the towers by compressed air. The whole 
system—chambers and towers—is connected by means of 
wide lead conduits. Frequently, for the purpose of quickening 
the chamber process (by increasing the number of condensing 
surfaces) Lunge-Rohrmann plate towers are inserted in the 
system—tall towers lined with load in w'hich square perforated 
plates are hung horizontally, and down which diluted sulphuric 
acid trickles. 

To increase the draught in the whole system a chimney is 
usual at the end, and, in addition, a fan of hard lead or earthen¬ 
ware may be introduced in front of the first chamber or 
between the two Gay-Lussac towers. Maintenance tot a 
constant uniform draught is not only necessary for technical 
reasons, but has hygienic interest, since escape of injurious 
gases is avoidgd (see also Part III). 

The chamber acid (of 110“-12()° Tw. = 63-70 %) and the 
stronger Glover acid (of 136°-144° Tw. = 75-82 %) contain 
impurities. In order to obtain for certain purposes pure 
strong acid the chamber acid is purified and concentrated. 
The impurities are notably arsenious and nitrous acids (Glover 
acid is N free), lead, copper, and iron. Concentration (apaft 
from that to Glover acid in the Glover tower) is effected by 
evaporation in lead pans to 140° Tw. and finally in glass balloons 
or platinum stills to 168° Tw. (= 97 %). The lead pans ace 
generallyJieated by utilising the waste heat from the furnSces 
orijy steam coils in the acjd itself, or even by direct firing.,* 

Production of stilphuKc a?id by the coniacl method depends 
on the fapt that a mixture of sulphur dioxide and excess of 
oxygen (air) comhiijeS to form sulphur trioxide at,a moderate heat 
in presence o{ U contact substance such as platinise^ asbesttw 



OUXii'ilUltlVJ AU1X» liNUUSiltl 


y 


or oxide of iron. The sulphur dioxide must be ’ cafefv^ 
cleaned and dried, and with the excess of air is passed through 
the contact substance. If asbestos carrying a smalUperceotage 
of finely divided platinum is the contaet subst^mce, it is 
generally us^ed in the form of pipes ; oxide of iron (the residue 
of pyrites), if used, is charged into a furnace. Cooling by a^ 
coJT o^ pipes and condensation in washing towers supplied with 
concentrated sulphuric acid always forms a part of the process. 

A fan draws the gases from the roasting furnaces and drives 
them through the system. The end product is a fuming 
sulphuric acid containing 20-30 per cent. SO 3 . From this by 
distillation a concentrated acid and a pure anhydride are 
obtained. From a health point of view it is of importanee 
to know that all sulphuric acid derived from this anhydride 
is pure and free from arsenic. 

The most important uses of sulphuric acid are tMb following ; 
as chamber acid (110°-120° Tw.) in the superphosphate, 
amiiionium sulphate, and alum industries ; as Glover acid 
(140°-150° Tw.) in the Leblanc process, i.e. saltcake and 
manufaeturc of hydrochlorie acid, and to eteh metals ; as 
sulphurie acid of 168° Tw. in colour and explosives manu- 
f.^SSurc (nitrie acid, nitro-benzene, nitro-glyc^rin#, gun-cotton, 
(S.C.); as concentrated sulphuric acid and anhydride for the 
production of organic sulphonic acids (for the alizarin and 
naphthol industry) and in the refining of petroleum and 
other oils. Completely de-arscnicatcd sulphuric acid is used 
in maxing starch, sugar, pharmaceutical preparations, and 
in electrical accumulator manufacture. 

Effects on Health.— The health of sJlphuric acid workers 
cannot i'l general be described as unfavourable. 

In comparison with chemical workers they have, it is said, 
relatively the lowest morbidity. Although in this industrial 
occupation no special factors are at work which injure in 
general the health of the workers, there is a characteristic 
effect, without doubt due to the occupation—namely, disease 
of the respiratory organs. L&^mann’s figures are "sufficiently ‘ 
large to show that the numogr qf cases of diseases of the 
respiratory organs is decidedly greater in the sulphuric acid 
indusLy Jhan among other chemical workers. He attributes 
^is to the'irritating and corrosive eficc-i^cif*Hnlr»Tinr 
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asjd SulpKuric acid vapour on the mucous membrane of the 
respiratory, tract, as inhalation of these gases cwn never he 
quite ■avoided, because the draught in the furnace and chamber 
system' vaties, and the working is not always uniform. 
Strongly irritating vapours escape again in mal^ng a high 
percentage acid in platinum vessels, which in conseq^icncc 
are difficult to keep air-tight. Of greater importanee» clian 
these injurious effects from frequent inhalation of small 
quantities of acid vapours, or employment in workrooms 
in which the air is slightly charged with acid, is the accidental 
sudden inhalation of large quantities of acid gases, which 
may arise in the manufacture, especially by careless attendance. 
Formerly this was common in charging the roasting furnaces 
when the draught in the furnace, on addition of the pyrite.s, 
was not strengthened at the same time. This can be easily 
avoided by Artificial regulation of the draught. 

Accidents through inhalation of acid gases occur further 
when entering the lead chambers or acid tanks, and in emptying 
the towers. Heinzerling relates .several casc.s taken from 
factory inspectors’ reports. Thus, in a .sulphuric acid factory 
the deposit (lead oxy.sulphate) which had collected on the 
floor of a cha^iber was being removed : to effect this the kSd 
chambers were opened at the side. Two of the workers, who 
had probably been exposed too long to the acid vapours 
evolved in stirring up the depo,sit, died a short time after they 
had finished the work. A similar fatality occurred in cleaning 
out a nitro-sulphuric acid tank, the required neutralisation 
of the acid by lime before entering having been omitted. Of 
the two workers who'entered, one died the next day ; the other 
remained unaffected. The deceased had, as the post mortem 
showed, already suffered previou.sly from pleurisy. A fatality^ 
from breathing nitrous fumes is described fully in the report 
of the Union of Chemical Industry for the year 1006 . The 
worker was engaged with two others in fixing a fan to a lea<^ 
chamber ; the workers omitted to wait for the arrival of the 
foreman who was to have supervised the operation. Although 
the men used moist spongeg.as Respirators, one of them inhaled 
nitrous funjes escaping fronj the chamber in such quantity 
that he died the follckving day. 

Similar accidents have occurred in cleaning oUt the Gay-% 
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Lussac towers. Such poisonings have repeatedly oco’tlrn^ji 
in Germany. Fatal poisoning is recorded in the»report of 
the Union of dhcmical Industry, in the emptying and cleaning 
of a Gay-Lussac tower despite careful precautions; The 
tower, filled ^with coke, had been previously weU washed with 
waterand during the operation of emptying, air had been 
coriStantly blown through by means.of a Korting’s injector. 
The affected, worker had been in the tower about an hour ; 
two hours later .symptoms of poisoning set in which proved 
fatal in an hour despite immediate medical attention. As 
such accidents kept on recurring, the Union of Chemical 
Industry drew up special precautions to be adopted in the 
emptying of these towers, which are printed in Part III. 

Naturally, in all the,se cases it is difficult to say exactly 
which of the acid gases ari.sing in the production of sulphuric 
acid was responsible for the poisoning. In thc*fatal cases 
cited, probably nitrous fumc,s played the more important part. 

I'oisoning has occurred in the transport of sulphuric acid. 
In some of the cases, at all events, gaseous impurities, especially 
arseniuretted hydrogen, were present. 

Thu.s, in the reports of the German Union of Chemical 
Iitriiistry for the year I'JOl, a worker succumjbed through 
inhalation of poisonous gases in eleaning out a tank waggon 
for the transport of sulphuric acid. The tank was cleaned of 
the adhering mud, as had been the custom for years, by a 
man who climbed into it. No injurious effects had been 
noted f)reviously at the work, and no further precautions were 
taken than that one worker relieved another at short intervals, 
and the work was carried on under stipervision. On the 
occasion in question, however, there was an unusually large 
quantity of deposit, although the quality of the sulphuric 
arid was the same, and work had to be continued longer. 
The worker tvho remained longest in the tank became iU on his 
yay home and died in hospital the following day ; the other 
workers were only slightly affected. The .sulphuric acid used 
by the him in question immediat^y before the acc'icient came 
from a newly built factory iji \^iich anhydrous sulphuric 
acid had been prepared by a special process. Tl)^ acid was 
Glovpi ajiid, and it is po.ssible that delenium and arsenic 
compounds were present in the residues.* Arseniuretted 
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lijfdrbgen might have been generated in digging up the mud. 
Two simiiur fatalities are described in the report of the same 
Union fOlathe year 1905. They happened similarly in cleaning 
out a sulphuric acid tank waggon, and in them the arsenic in 
the acid was the cause. Preliminary swilling out with water 
, diluted the remainder of the sulphuric acid, but, ncvertiheless, 
it acted on the iron of the container. Generation of hydrogen 
gas is the condition for the reduction of the aisenious acid 
present in sulphuric acid with formation of arseniuretted 
hydrogen. In portions of the viscera arsenic was found. 
Lately in the annual reports of the Union of Chemieal Industry 
for 1908 several cases of poisoning are described which were 
caused by sulphuric acid. A worker took a sample out of a 
vessel of sulphuric acid containing sulphuretted hydrogen gas. 
Instead of using the prescribed cock, he opened the man-hole 
and put his head inside, inhaling concentrated sulphuretted 
hydrogen gas. He became immediately unconscious and 
died. Through ignorance no use was made of the oxygen 
apparatus. 

Another fatality occurred through a foreman directing 
some workers, contrary to the regulations against accidents 
from nitrousT gases, to clean a vessel containing nitric and 
sulphuric acids. They wore no air helmets : one died shortly 
after from inhalation of nitrous fnmes. Under certain cirenm- 
stances even thp breaking of carboys filled with sulphuric acid 
may give rise to .severe poisoning through inhalation of acid 
gases. Thus a fatality^ occurred to the occupier of a workroom 
next some premises in which sulphuric acid carboys had been 
accidentally broken. Severe symptoms developed the same 
night, and he succumbed the next morning in spite of treat¬ 
ment with oxygen. A worker in the factory became seriously 
ill but recovered. 

A similar case is described- in a factory where concentrated 
sulphuric acid had been spilt. The workers covered the spot 
with shavings, which resulted in strong development of sulphUr 
dioxide, leading to unconsciguspess in one w'orker. , 

The frequent olxiervation pf the injurious effect of acid 
gases on tl^p teeth of workers requires mention; inflammation 
of the eyes of workWs also is attributed to the iCffects of 
sulphuric acid.^ * ‘ 
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Leymann’s statistics show corrosions ar^ burns aSholjg 
sulphuric acid workers to be more than five times tlM^t among 
other classes. Such burns happen most frequc*rtly from 
carelessness. Thus, in the reports of the Union of Chemical 
Industry foj 1901, three severe accidents are mentioned 
which^occurred from use of compressed air. In two cases the 
aciflT^ been introduced before the eompressed air had been 
turned off; in the third the worker let the compressed air 
into the vessel and forgot to turn off the inlet valve. Although 
the valves were provided with lead guards, some of the acid 
squirted into the worker’s face. In one case complete blindness 
followed, in a second blindness in one eye, and in the third 
blindness in one eye and impaired vision of the other. 

Besides these, dangers from the raw material, bye-products, 
and products of the manufacture, lead 'poisoning has been 
reported in the erection and repair of lead chaiffbers. The 
lead burners generally use a hydrogen flame ; the necessary 
hydriigen is uisually made from zinc and sulphuric acid and 
IS led to the iron by a tube. If the zinc and sulphuric acid 
contain arsenic, the very dangerous arseniuretted hydrogen is 
formed, which escapes through leakages in the piping, or is 
bifhjt in the flame to ar.senious acid. o 

Further, the lead burners and plumbers are exposed to the 
danger of chronic lead poisoning from insufficient observance 
of the personal precautionary measures necessary to guard 
again.st it (see Part III). Those who arc constantly engaged 
in buriflng the lead sheets and pipes of the chambers suffer 
not infrequently from severe symptoms. Unfortunately, the 
work requires skill and experience, and ifence alternation of 
emplOym.mt is hardly possible. • 

^ Finaiiy, mention should be made of poisoning by arseni- 
uretted hydrogen gas from vessels filled with sulphuric acid con¬ 
taining arsenic as an impurity, and by sulphuretted hydrogen 
gjs in purifying the acid itself. In the manufacture of liquid 
sulphur dioxide, injury to health can arise from inhalation of 
the acid escaping from the a^pajatus. The mos^'’frequent 
cause for such escape of sulphur ^io:^de is erosion of the walk 
of tne compressor pumps and o| the transport yessek, in 
conseqi.enge of the gas being insufficiejftly dried, as, ^en 
moist, it*attac£s iron. 
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Sulpnur dioxide will come up for further consideration 
when dstwribing the industrial processes giving rise to it, or in 
whifth itdb used. 

HYDBOCHLOBIC ACID, SALTCAEE, AND SODA 

Manufactueb. —The production of hydrochloric acid 
(HCl), sodium sulphate..(Na 2 S 04 ), and sodium sulphici^^'(Na 2 S) 
forms part of the manufacture of soda (NaoCOj) hy the Leblanc 
process. The products first named increase in importance, 
while the Leblanc soda process is being replaced more and more 
by the manufacture of soda by the Solvay ammonia process, 
so much so that on the Continent the latter method pre¬ 
dominates and only in England does the Leblanc process hold 
its ground. 

Health interests have exercised an important bearing on 
the development of the industries in question. At first, in the 
Leblanc process the hydrochloric acid gas was allowed to 
escape into the atmosphere, being regarded as a useless bye- 
product. Its destructive action on plant life and the incon¬ 
venience caused to the neighbourhood, in .spite of erection of 
high chimneys, demanded Intervention. In England the evils 
led to the inactmcnt of the Alkali Acts—the oldest clarSlcal 
legislative measures bearing on factory hygiene—by which the 
Leblanc factories were required to condense the vapour by 
means of its absorption in water, and this .solution of the acid 
is now a highly valued product. And, again, production of 
nuisance—inconvenience to the neighbourhood through the 
soda waste—was the main cause of ousting one of the oldest 
and moat generally used methods of chemical Industrial pro¬ 
duction. Although every -effort was made to overcome the 
difficulties, the old classical Leblanc process is gradually but 
surely yielding place to the modern Solvay process, which 
has no drawback on grounds of health. 

We outline next the main features of the Leblanc so^a 
process, which includes, as has been mentioned, also the manu¬ 
facture oT hydrochloric acici, sodium sulphate and sulphide. ^ 

The first part oh the prpee^ consists in the production of the 
sulphate /rom salt and sulphuric acid, during which hydro¬ 
chloric acid is foriked; this is carried out in l^o stages 
represented in the following formulae : 
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1 . NaCl + H,S 04 = NaHSOi-f'na ^ 

2. NaCl + NaHSO^ = Na^SO^ + HCl. 

• 

The first stage in whioh bisulphate is produced* is carried 
out at a moderate heat, the second requires a red heat. The 
reactions, therefore, arc made in a furnace combining a pan and 
muf8^3[urnace. 

This saltcake muffle furnace is so arranged that the pan can 
be shut off from the muffle by a sliding-door (D). The pan 
(Aj and muffle (E) have separate flues for carrying off the 
hydrochloric acid developed (B, F). First, common salt is 
fi'eated with sulphuric (Glover) acid in the cast-iron pan. When 



Fra. .f.—Saltcako Muffle Furnace—Section (after Osi) 

A Pan ; B, F PipcB for hydrochloric acid vapour; D Shutter; E Muffle, 

0 Coke fire. ^ 

gem rati6n of hydrochloric acid vapour has ceased, the sliding- 
door is raised and the partly decomposed mixture is pushed 
through into the muffle, constructed of fire-resisting bricks and 
tiles, tod surrounded by the fire gases. While the muffle is 
be^ing rawed to red heat, the sulphate must be repeatedly 
stirred with a rake in order, finally, while still hot and giving off 
acid vapour, to oe drawn out at the working doors into iron 
bqjces provided with doors, where the material cools. The acid 
vapftur given off when cooling is drawn through the top of the 
bM into the furnace. * * 

Mechanical stirrers, despite tljeir advantage from a health 
point of view, have not answered because of their short life. 

Thevaljjablo bye-product of the sulphate process, hydro¬ 
chloric ac'd, is led away separately from ’thef pan and the 
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\Qufife, as is seen, into one absorption system. The reason of 
the sep«ctition is that the gas from the pan is always the more 





Rra. 4b. —Elevation 

concentrlted. The arrangement of the absorbing apparatus 
is illustrated in fig; I. , 

T^ ^as«s are led each through earthenwar^ pipes .or 
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channels of stone pickled with tar (A^), first into small towers' 
of Yorkshire flags! (B), where they are cooled and freed i?Dln. flue 
dust and impurities (sulphuric acid) by washing. T^oy are 
next led through a series (over fifty) of Woulfl bottles (bom- 
bonnes) one metre high, made of acid-resisting stoneware. 
The series is laid with a slight inclination towards the furnace, 
and watbi- trickles through so that the gases coming from the 
wash towers ate brought into contact with ■^^'ater in the one 
ease already almost saturated, whilst the gas which is poorest 
in hydrochloric acid meets with fresh water. From the bom- 
bonm' situated next to the wash tower the prepared acid is 
passed as a rule through another scries. The last ti’aces of 
hydrochloric acid are then icmovcd b^ leading the gases from 
the Woulfl bottles up two water towers of stoneware (D and E), 
which are filled partly with earthenware trays and partly with 
coke ; above are tanks from which the water trickles Sown over 
the coke. The residual ga.ses from both sets of absorbing 
apparatus now unite in a large Woulfl bottle before finally 
being led a\vay through a duct to the chimney stack. 

Less frequently absorption of hydrochloric acid is effected 
without use of Woulfl bottles, principally in wash towers such 
as thei.nnge-Rohrmann plate tower. 

In the purification of hydrochloric acid, de-arscnicating by 
sulphuretted hydrogen or by barium sulphide, &c., and separa¬ 
tion of sulphuric acid by addition of barium clUoride, have to be 
considered. 

Another method for production of sulphate and hydro¬ 
chloric jicid, namely, the Hargreaves process, is referred to later. 

We return now to the further working up of the sodium 
sulphate into sulphide and soda. ' The conversion of the 
sulphate into soda by the Leblanc method is effected by 
heating with coal and calcium carbonate, whereby, through the 
action of the coal, sodium sulphide forms first, which next 
tvitl^ the calcium carbonate becomes converted into sodium 
3arboflate and calcium sulphide. 

^jhe reaction ■■ are : 


Na,S 04 -1-20 = N£|j,8 + 200^ 
Na^S + OaCOj = Na,C0;, -^CaS 
CaCO^ -b C = Cab •+■ 200*. 
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^ The reactions are carried out in small works in open 
reverlSSktory furnaces having two platforms on the hearth, and 
with continuous raking from one to the other which, as the 
equations show, cause escape of car¬ 
bonic acid gas and carbonic oxide. 

Such handworked furnaces, apart 
from their drawbacks ori'*'licalth 
grounds, have only a small capacity, 
and in large works their place is 
taken by revolving furnaces—closed, 
movable cylindrical furnaces—in which 
handw'ork is replaced by the mechani¬ 
cal revolution of the furnace and from 
which a considerably larger output 
and a product throughout good in 
quality are obtained. 

The rav) soda thus obtained in 
the bla(!k ash furnace is subjected to 
lixiviation by w'ater in iron tanks in 
which the impurities or tank waste 
(see below) are deposited. The crude 
soda liquor so obtained is then further 
treated and converted into calcined 
soda, crystal soda, or caustic soda. 
In the production of calcined soda 
the crude soda li([uor is first purified 
(‘ oxidised ’ and ‘ carbonised ’) by 
blowing through air and carbonic acid 
gas, pressed through a filter press, and 
cfystallised by evaporation in pans 
and calcined, i.c. deprived of water by 
heat. 

Crystal soda is obtained from weU- 
purified tank liquor by crystallising in 
cast-iron vessels. * 

Caustic soda is obtained, by introducing lime suspendq^i in 
iron cages into the soda liqvor in iron caustic pots, heating with 
steam,'knd agitating by blowing in air. 

The resulting blear solution is drawn off ^and evaporated in 
cast-irqn p? us. 
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As already mentioned, the tank waste in the Leblanc process, 
whfch remains behind—in amount about equal to t^J8 socja 
produced after lixiviation of the raw soda with water-oon- 
stitutes a great nuisance. It forms mountains round the 
factories, and as it consists principally of calcium sulphide 
and calcium carbonate, it easily weather.s under the influence 
of air and rain, forming soluble sulpliur compounds and 
developing sulpBurettcd hydrogen gas — an intolerable source ' 
of annoyance to the district. 

At the same time all the sulphur introduced into the 
industry as sulphuric acid is lost in the tank waste. This loss 
of valuable material and the nuisance created led to attempts 
—partially succe.isful—to r'-'-over the sulphur. 

The best results are obtained by the Chance-Claus method, 
in which the firel)rick ‘ Clau.“-kiln ’ containing fcriic oxide 
(previously heated to dull redness) is used. In this process 
calcium sulphide is acted on by carbonic acid with evolution of 
gas HO rich in sulphuretted hydrogen that it can be burnt to 
sulphur dioxide and used in the lead chambers for making sul¬ 
phuric acid. iSulphur also as such is obtained by the method. 

Tljese sulphur-recovery processes which have hardly been 
tried otT the Continent—only the United Alkali Company in 
England employs the Chanco-Claus on a large scale—were, as 
has been said, not in a position to prevent the downfall of the 
Leblanc soda industry. Before describing briefly the kSolvay 
method a word is needed as to other processes for manufacture 
of sulphate and hydrochloric acid. 

Hargreaves’ process produoe.s sodium sulphate (without 
previous conversion of sulphur dioxide into sulphuric acid) 
directly by the passage of gases from the pyrites burners, air 
and steam, through salt blocks placed in vertical cast-iron 
retorts, a number of which are connected in series. A fan draws 
the gases through the system and loads the hydrochloric acid 
fume* to the condenser. 

Sodium sulphate is used in J/lie •manufacture of “glass, 
ulti ajnarine, &c. Further, the sulphate is converted into 
Glauber’s salts by dissolving the ankydfous sulphate obtained 
in the muffle furnace, purifying with'limc, ^d allowing the 
clear salt solution tc crystallise out in pans. • . 

A furthei;u8e of the sulphate is the preparation n^f se(^»m 
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sulphide, which is effected (as in the first part of the Leblanc 
soda" process) by melting together sulphate and coal in a 
reverberatory furnace. If the acid sulphate (bisulphate) or 
sulphate containing bisulphate is used much sulphur dioxide 
gas comes off. ' 

The mass is then lixiviated in the usual soda li(fuor vats 
and the lye either treated so as to obtain crystals or droporated 
to strong sodium sulphide which is poured like caustic soda 
into metal drums where it solidifies. 

In Solvay's ammonia soda process ammonia recovered from 
the waste produced in tlie industry is led into a solution of 
salt until saturation is complete. This is effected generally in 
column apparatus such as is used in distillation of spirit. The 
solution is then driven automatically by compressed air to 
the carl^fjnising apparatus in which the solution is saturated 
with carbonic acid; this apparatus is a cylindrical tower 
somewhat similar to the series of vessels used for saturating 
purposes in sugar factories through which carbonic acid gas 
passes. In this process crystalline bi-carbonate of soda is 
first formed, which is separated from the ammoniacal mother 
liquor Ijy filtration, centrifugalisation, and washing. The 
carbonate is then obtained by heating (calcining iA pans), 
during which carbonic wiid gas escapes, and this, together 
with the carbonic acid produced in the lime kilns, is utilised 
for further carbonisation again. 'I’he lime formed during 
the production of carbonic acid in the lime kilns serves to drive 
the ammonia out of the ammoniacal mother liquor, so that the 
ammonia ncccsiary for the process is recovered and used over 
and over again. The waste which results from the action of 
the lime on the ammonium chloride liquor is harmless—calcium 
chloride liquor. • , 

The electrolytic manufacture of soda from salt requires 
mention, in which chlorine (at the anode) and caustic soda 
(at the cathode) are formed ; the latter is treated with casbonic 
acid <w make soda. 

Eri'ECT.s ON HEALTH.-rLeymann’s observations shovg that 
in the departnlent ccfticemed with the Leblanc soda process 
and production,of sodium sulphide, relatively more sickness 
is noted than, for example, in the manufactui-g of sulphuric 
aqd nitris aoids_. 
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In the preparation of the sulphate, possibility of injury»to' 
health or poisoning arises from the fumes containing bydro- 
ehloric or sulphuric acid in operations at the muffle ftTmaoe ; 
in Hargreaves’ process there may be exposure to the effect 
of sulphur diojyde. Hydrocliloric and sulphuric acid vapours 
can escape from the muffle furnace when charging, from 
leakage’*in it, and especially when withdrawing the still hot 
sulphate. Large quantities of acid vapours escape from the 
glowing mass, especially if coal is not added freely and if it 
is not strongly calcined. Persons employed at the saltcake 
furnaces suffer, according to Jurisch, apart from injury to 
the lungs, from defective teeth. The teeth of English workers 
especially, it is said, from the practice of holding flannel in 
their mouths with the idea of protecting tliemselves from the 
effect of the vapours, are almost entirely eroded by the action 
of the hydrochloric acid absorbed by the saliva. Hytirochloric 
acid vapour, further, can escape from the absorbing apparatus 
if this is not kept entirely sealed, and the hydrochloric acid 
altogether absorbed—a difficult matter. Nevertheless, definite 
acute industrial poisoning from gaseous hydrochloric acid is 
rare, no doubt because the workers do not inhale it in concen- 
tratSdLform. t 

Injury to the skin from the acid absorbed in water may 
occur in filling, unloading, and transport, especially when in 
carboys, but the burns, if immediately washed, are very slight 
in comparison with those from sulphuric or nitric acids. 
Injury to health or inconvenience from sulphuretted hydrogen 
is at all events possible in the dc-arsenicating process by means 
of sulphuretted hydrogen gas. At the saltckke furnace when 
worked by hand the fumes containing carbonic oxide gas may 
b( ^troublesome. In the production of caustic soda severe 
corrosive action on the skin is frequent. Leymann found that 
13-8 per cent, of the persons employed in the caustic soda 
department were reported as suffering from burns, and calls 


attention to the fact that on introducing the hme into the hot 
sod^ lye the contents of the v'bssej may easily frotfi over. 
Heinzerling refers to the not infreqpent qpcurrence of eye 
injuries in the preparation of caustic^soda, duo to the spurting 
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frrtn the presence of sulphuretted hydrogen. In the recovery 
of tljp sulphur and treatment of the tank waste, sulphuretted 
hydrogro and sulphur dioxide gases are evolved. According 
to Leyr&ann, workers employed in removing the waste and 
at the lye vats frequently suffer from inflammation of the 
eyes. Purther, disturbance of digestion has been noted in 
persons treating the J.ank waste, which Leymann ^tributes 
to the unavoidable development of sulplmrpttcd hydrogen 
gas. 

In the manufacture of .sodium sulphide .similar conditions 
prevail. Iieymann found in this branch relatively more 
oases of sickness than in any other ; diseases of the digestive 
tract, especially ai)pcarod tt) be more numerous. Leymann 
makes the suggestion that occurrence of disease of the digestive 
organs is either favoured by sodium sulphide when swallowed 
as dust, ♦^r that here again suljflni retted hydi'ogen gas plays a 
part. Purther corrosive effect on the skin and burns may 
easily arise at work with the hot corrosive liquor. 

In the Solvay ammonia process ammonia and carbonic acid 
gas are present., but, so far as I know, neither injury to health 
nor poisoning have been described among persons employed 
in the profess. Indeed, the vie\^ is unanimous that this poethod 
of manufacture with its technical advantages has the merit 
also of being quite harmless. As may be seen from the pre¬ 
ceding description of the process there is no chance of the 
escape of the gases nam(d into the workrooms. 

USE OF .SULPHATE AND SULPHIDE 

O 

UJlrmnurinc. is made from a mixture of clay, sulphate 
(Glauber’s salts), and oaTbon—sulphate ultramarine; or clay, 
sulphur, and soda—soda ultramarine. These materials, are 
crushed, ground, and burnt in muffle furnaces. On heating 
the mass in the furnace much sulphur dioxide escapes, which 
is a. source of detriment to the workmen and the neighbourhood. 

Sulj)Jional (CHii)jC(SpsO.>H,-,).!, diethylsulphone dim'ethyl- 
methane, used medically as a hypnotic, is obtained pom 
mercaptan formed by distjjlation of ethyl sulphuric acid with 
sodiumc or potassium sulphide. The mercaptan is converted 
into mercaptol, arid this by oxidation with potassium perman¬ 
ganate ^into hul|ihonal. The volatile mercaptan has a most 
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disgusting odour, and clings for a long time even to the clofches 
of those merely passing through the room. 

Diethyl sulpfiate ((C.3Hr,)jSOt).—Diethyl sulphate,eb'lained 
by the action of sulphuric acid on alcohol has led to <poisoning 
characterised by corrosive action on the respiratory tract.'! As 
the substancc'in the presence of water splits up into sulphuric 
aci(i a-uj alcohol, this corrosive action is probably due to the 
acid. It i.s possible, however, that tlie molecule of diethyl 
sulphate as sueh has corrosive action. 

Contact with dictliyl sulphate is described as having led to 
fatal poisoning.3 

A chemist when conducting a laboratory experiment 
dropped a glass flask containing about 40 c.c. of diethyl 
sulphate, thereby spillij,^ some over his clothes. He went on 
working, and noticed burns after some time, quickly followed 
by hoarseness and pain in the throat. He died of severe inflam¬ 
mation of the lungs. A worker in another factory was dropping 
diethyl sulphate and stirring it into an at first solid, and later 
semi-liquid, mass for the purpose of ethylating a dye stuff. In 
doing sc he was exposed to fumes, and at the end of the work 
complained of hoarseness and smarting of the eyes. He died 
ofudoublo pneumonia two days later. Post mortem very 
severe corrosive action on the respiratory tract was found, 
showing that the diethyl sulphuric acid had decomposed 
inside the body and that nascent sulphuric acid had given 
rise to the severe bums. The principal chemist who had 
superintended the process suffered severely from hoarseness 
at night, but no serious consequences followed. 

It is stated also that workmen in chemical factories coming 
into contact with the fumes of diethyl sulphate ester suffer 
from eye affections.!* ' 

C 

CHLORINE, CHLORIDE OF CALCIUM, AND CHLORATES 

* JHanufacturb.— The older processes depend on the pre¬ 
paration of chlorine and hydi^pchioric acid by an.joxidation 
pr ocess in which the oxidising agertt is cither a compound rich 
in oxygen—usually common mfen^nese Qioxide (pyrolusite) 
—or the oxygen of the air in the presence of heated copper 
chloride •('ks catalytic agent). The forme; C^J^eldon process) 
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is legs used now- than either the latter (Deacon process) or the 
electrolytic manufacture of chlorine. 

In tk? Weldon process from the still liquors containing 
manganous chloride the manganese peroxide is regenerated, 
and this so regenerated Weldon mud, when mixed with fresh 
manganese dioxide, is used to initiate the process. This is 
carried out according to the equations : • 

MnO., + 4HC] - MnCn, + 2H„0 ' 

MnCl, = MnCL + Cl,.’ 

Hydrochlorjc acid is first introduced into the chlorine still 



Fid. G.—Preparation of Glilorinc—Diaphragm Method {ajfer O-v/) 


(vessels about 3 m. in height, of Yorkshire flag or fireclay), 
next the Weldon ralid gradually, and finally steam to bring the 
whole to boiling ; chlorinq comes off in a uniform stream. 
The manganous chloride still liquor is rim into settling tanks. 
The regeneration of the manganous chloride liquor takes 
place in an oxidiser which consists of a vertical iron cylinder 
in which air is blown into the heated mixture of manganous 
chloride and milk of lime. The dark precipitate so formed, 
‘ Weldon*"mud,’ as described, ds used over again, while the 
calcium chloride liquor runs a\fay. ' 

The Dmcon p'oeess dcpen?ls mainly on leading the stream 
of hydrochloric acic^ gas evolved from a saltcake 'j)ot mixed 
with air and hcatad into a tower containing hVoken'bricks of 
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the size of a nut saturated with copper chloride. Chlori&e is 
evolved according to the equation : 

2HC1 + 0 = 2C1 + H,0. 


The ehclrqfyltc production of chlorine with simultaneous 
production of caustic alkali is increasing and depends on the 
Bplittiii'gcp of alkaline chlorides by a current of electricity. The 
chlorine evolved at the anode and the alkaline liquor formed at 
the cathode must be kept apart to prevent secondary formation 
of hypochlorite and chlorate (see below). This separation is 
generally effected in one of three ways ; (1) In the diaphragm 
process (Griesheim- 


Elektron chemical 
M'orks) the anode 
and cathode are kept 
separate by porous 
earthenware dia¬ 
phragms arranged as 
illustrated in fig. G. 
The anode consists 
" of gas carbon, or is 
ma(fA by pressing 
and firing a mixture 
of charcoal and tar; 



it lies inside the Pio. 7.—Preparation of Chlorine.—Boll Method 

diaphragm. The [ajhrOat) 


chlorine developed 


in the anodal cell is carried away by a pipe. The metal 
vessel selves as the cathode. The alkali, which, since it con- 


t,.'nB chloride, is recovered as caustic soda after evaporation 


and crystallisation, collects in the cathodal space lying 
outside the diaphragm. (2) By the Bell method (chemical 


factory at Aussig) the anodal and cathodal fluids, which keep 
ap^t by their different specific weights, are separated by a 
stonmvare bell; the poles consist of sheet iron and carbon. 
The containing vessel is of stohewjire. (3) In the mercury 
process (England) sodium chloride ,is elegtrolysed without 
a diaphragm, mercury serving as ^the cathode. This takes 
up the soejium, which is afterwards rdbovered from the 
amalgam formed’by means of water. 






26 OCCURRENCE OF INDUSTRIAL POISONING 

•If chlorate or hypochlorite is to be obtained electrolytically, 
electrpdes of the very resistant but expensive platinum iridium 
are usedr without a diaphragm. Chlorine is developed—not 
free,•but^ combined with the caustic potash. The bleaching 
fluid obtained electrolytically in this way is a rival of bleaching 
powder. 

Bleaching powder i^ made from chlorine obtainqji-by the 
Weldon or Deacon process. Its preparation (Jepends on the 
fact that calcium hydrate takes up chlorine in the cold with 
formation of calcium hypochlorite after the equation : 

2Ca(OH)„ + 4C1 = Ca(ClO), + CaCl, + 2H,0. 

The resulting product contains from 35 to 36 per cent, 
chlorine, which is given off again when treated with acids. 

The preparation of chloride of lime takes place in bleaching 
powder ctambers made of .sheets of load and Yorkshire flag¬ 
stones. The lime Is spread out on the floors of thc,se and 
chlorine introduced. Before the process is complete tlie lime 
must be turned occasionally. 

In the manufacture of bleaching powder from Deacon 
chlorine, Hascnclevcr has constructed a special cylindrical 
apparatus^fig. 8), consisting of .several 8uperimj)osed caaf'«ron 
cylinders in which are worm arrangements carrying the lime 
along, while chlorine gas passes over in an opposite direction. 
This continuous process is, however, only pos.sible for the 
Deacon chlorine strongly diluted \vith nitrogen and oxygen 
and not for undiluted Weldon gas. 

Liguid chlorine can be obtained by pre.s,surc and cooling 
from concentrated almost pure Weldon chlorine gas. 

Polamvm chlorate, which, as has been .said, is now mostly 
obtained electrolytically, was formerly obtained by passing 
Deacon chlorine into milk of lime and decomposing the calcium 
chlorate t'orracd by potassium chloride. 

Chlorine and chloride of lime are used for bleaching; 
chlorine further is used in the manufacture of colours ; chloHde 
of lim»as a mordant in cloth^irinting and in the preparation of 
chloroform; the chlorafes ere oxidising agents and used in 
making safety matches.* The manufacture of organic chlorine 
products will be d^alt with later. 

Effects jdn.He.^lth. —In these industries tHs possibility 
of jnjiA’y (o health and poisoning by inhalation «of chlorine 
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gas is prominent. Jjcymann has shown that persons emplbyed 
in the mamifaoture of chlorine and bleaching powdes suffer 
from diseases of the respiratory organs 17'8 per cent?, as con- 



f la. 8.—Preparation of Bleaching Powder. Apparatus of Haaonckver (after Out) 

A Hoppor for slaked lime; W Worm co*rcying lime; Z Tootlicd wheels; 
• K Movable covers; 0 Kntranco frr cSlorine gas; D Pipe for escape of 
chlorine—free gas; B Outlet shoot fcg bleaching pawder 

trasted witji 8'8 per cent, in other workersr. and this is without 
doubt atfribut^le to the injuriouiS effect of ^ihlorine gas, which 
it is hardly possible to avoid despite the .tact tlfat ]!ejj'«iann s 
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figures refer to li model factory. But the figures show also 
that a^ the industry became perfected the number of cases of 
sickness §teadily diminished. 

Most cases' occur from unsatisfactory conditions in the 
production of chloride of hme, especially if tl^e chloride of 
lime chambers leak, if the lime is turned over whij|e the 
chlorine is being let in, by too early.entrance into chambers 
insufficiently ventilated, and by careless and unsuitable 
methods of emptying the finished bleaching powder. 

The possibility of injury is naturally greater from the 
concentrated gas prepared by the Weldon process than from 
the diluted gas of the Deacon process—the more so as in the 
latter the bleaching powder is made in the Hascnclever closed- 
in cylindrical apparatus in which the chlorine is completely 
taken up by the lime. The safest process of all is the electro¬ 
lytic, as, if-properly arranged, there should be no escape of 
chlorine gas. The chlorine developed in the cells (when carried 
out on the largo scale) is drawn away by fans and conducted in 
closed pipes to the place where it is used. 

Many researches have been published as to the character 
of the skin affection well known under the name of chlorine 
rash (chlorafcne). Some maintain that it is not due to chhtJilne 
at all, but is an eczema set up by tar. Others maintain that 
it is due to a combined action of chlorine and tar. Support to 
this view is given by the observation that cases of chlorine rash, 
formerly of constant occurrence in a factory for electrolytic 
manufacture of chlorine, disappeared entirely on Jubstitu- 
tion of magnetite at the anode for carbon.' The conclusion 
seems justified tha\; the constituents of the carbon or of the 
surrounding material set up the condition. 

Chlorine rash has been observed in an alkali works where 
chlorine was not produced electrolytically, and under conditions 
which suggested that compounds of tar and chlorine were the 
cause. In this factory for the production of salt cake by the 
Hargreaves’ process cakes of rock salt were prepared and,' for 
the purpose of drying, convened on an endless metal band 
through a stove. ,To prpvent formation of crusts the band 
was tarr»d. The salt blocks are decomposed in the usual 
way by sulphur dibxide, steam, and oxygen of t^e air, and 
the hydrochloric ticid vapour led through Deacon ‘towers in 
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which the decomposition of the hydrochloric ftcid into chlorine 
and water is ef^cted by metal salts in the manner chara(j,teristio 
of the Deacon process. These salts are introduced* in small 
earthenware trays which periodically have to be removed and 
renewed ; tlii> persons engaged in doing this were those affected. 
The explanation was probably that the tar stickjng to the salt 
blocks distilled in the saltcake furnaces and formed a com¬ 
pound with die chlorine which condensed on the earthenware 
trays. When contact with these trays was recognised as the 
cause, the danger was met by observance of the greatest clean¬ 
liness in opening and emptying the Deacon towers. 

Leymaim^ is certain that the rash is due to chlorinated 
products which eman.■'^o from the tar used in the construction 
of the cells And the affection has been found to be much 
more prevalent when the contents of the cells are emptied 
while the contents are still hot than when thSy are first 
allowed to get cold. 

Lehmann has approached the subject on the experimental 
side, and is of opinion that probably chlorinated tar derivatives 
(chlorinated phenols) are the cause of the trouble. Both he and 
Eoth think that the affection is due not to external irritation 
of Sae skin, but to absorption of the poisonous substances into 
the system and their elimination by way of the glands of the 
skin. 

In the section on manganese poisoning detailed reference 
is made to the form of iUness recently described in persons 
employed in drying the regenerated Weldon mud. 

Mercurial poisoning is possible when mercury is used in 
the production of chlorine electrolyticaUy. 

In the manufacture of chlorates and hypochlorite, bleaching 
§uids, &c., injury to health from chlorine is possible in the 
same way as has been described above. 


OXHER CHLORINE COMPOUNDS. BROMINE, IODINE. AND 
FLUPRWE 

Chlorine is used for the projjucsion of ^ number of organic 
chlorine compounds, and in the jianufacture of b*omine and 
iodine, gsocesses which give rise to thd possibility of injury 
to health and poisoning by chlorine; furthdh.^ several of the 
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substances so preJpared are themselves corrosive or irritating 
or otherwise poisonous. Nevertheless, severe poisoning and 
injurious‘eSeots can be almost entirely avoided by adoption 
of suitable precautions. In the factory to which Leymann’s 
figures refer, where daily several thousand kilos of chlorine 
and organic chlorine compounds are prepared, a rclaMvely 
very favourable state of health of the persons employed was 
noted. At all events the preparation of chlorint* by the elec- 
trolyrtic process takes place in closed vessels admirably adapted 
to avoid any escape of chlorine gas except as the result of 
breakage of the apparatus or pipes. When this happens, 
however, the pipes conducting the gas can be immediately 
disconnected and the chlorine led into other apparatus or 
into the bleaching powder factory. 

As such complete precautionary arrangements are not 
everywhere Vo be found, wo de.scribe briefly the most important 
of the industries in question and the poisoning recognised in 
them. 

Chlorides of phosphorus .—By the action of dry chlorine 
on an excess of heated amorphous phosphorus, trichloride is 
formed (PCI,,), a liquid having a sharp smell and causing lachry- 
mation, whicSi fumes in the air, and in prosonoo of water dooom- 
poses into phosphorou.s acid and hydrochloric acid. On heating 
with dry oxidising substances it forms phosphorus oxychloride 
(see belov'); which is used for the production of acid chlorides. 
By continuous treatment with chlorine it becomes converted 
into phosphorus pentachloride (PCl^), which also is convbniently 
prepared by passing chlorine through a solution of phosphorus 
in carbon bisulphide* the solution being kept cold ; it is crystal- 
hne, smells strongly, and attacks the eyes and lungs. With 
excess of water it decomposes into phosphoric acid and hydro¬ 
chloric acid ; with slight addition of water it forms phosphorus 
oxychloride (POCL). On the large scale this is prepared by 
reduction of phosphate of lime in the presence of chlorine with 
carbon or carbonic oxide. Phosphorus oxychloride, a colcMr- 
less liquid! fumes in the air*and is decomposed by water intp 
phosphoric acid and hydrochloric acid. 

In thg preparation of^ chlorides of phosphorus, apart 
from the danger of« chlorine gas and hydrochloric acid, the 
poisonous effect oi phosphorus and its compounds (s'ee Phos- 
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phorus) and even of carbon disulphide ,(as %he solvent;* of 
phosphorus) an(l of carbonic oxide (in the preparati^ of 
phosphorus oxychloride) have to be taken into accoilnt. 

Further, the halogen compounds of phosphorus '^xert 
irritant action, on the eyes and lungs similar to chloride of 
sulphuj^as a result of their splitting up on the moist mucous 
menlbianes into hydrochloric acid and an oxyacid of phos¬ 
phorus.’ • 

Unless, therefore, special measures are taken, the persons 
employed in the manufacture of phosphorus chlorides suffer 
markedly from the injurious emanations given off.^ 

Leymann mentions one case of poisoning by phosphorus 
chloride as haring occnoTed in the factory described by him. 
By a defect in the outlet arrangement phosphorus oxy¬ 
chloride flowed into a workroom. kSymptoms of poisoning 
(sensation of suffocation, difficulty of breathing, laclfrymation, 
&c.) at once attacked the occupants; before much gas had 
escaped, the workers rushed out. Nevertheless, they suffered 
from severe illness of the respiratory organs (bronehial catarrh 
and inflammation of the lungs, with frothy, blood-stained 
expectoration, &c.)J 

Viiforides of sulphur. —Monochloridc O' sulphui* (kSoCh) is 
made by passing dried, washed chlorine gas into molten 
heated sulphur. The oily, brown, fuming liquid thus made 
is distilled over into a cooled condenser and by redistillation 
purified from the sulphur carried over witli it. Sulphur mono¬ 
chloridc iian take up much sulphur, and when saturated is 
used in the vulcanisation of indiarubber, and, further, is used 
to convert linseed and beetroot oil into a Tubber substitute. 
Monochloride of sulphur is decomposed by water into sulphur 
dioxide, hydrochloric acid, and sulphur. By further action 
of Chlorine on the monochloride, sulphur dichloride (SClj) and 
the tetrachloride (SClJ are formed. 

In its preparation and use (see also Indiarubber Manu¬ 
facture) the injurious action of chlorine, of hydrochloric acid, 
and of sulphur dioxide comes into piay. ** 

* The monochloride has very irritating effects. Leymann cites 
an industrial case of poisoning b^ it. In the Germa* factory 
inspectors’ reports for 1897 a fatal case* is recorded. The 

v..-—i. i .—1 .li. 
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to the bursting'of a bottle. First aid was rendered by pouring 
water over him, thereby increasing the symptoips, which proved 
fatal thb'next day. Thus the decomposition brought about by 
water already referred to aggravated the symptoms. 

Zinc chloride (ZnCh) is formed by heating zinc in presence of 
chlorine. It is obtained pure by dissolving pure zinc itj^hydro- 
chloric acid and treating this solution with chlorine. Zinc 
chloride is obtained on the large scale by dissolving furnace 
calamine (zinc oxide) in hydrochloric acid. Zinc chloride is 
corrosive. It is used for impregnating wood and in weighting 
goods. Besides possible injury to health from chlorine and 
hydrogen chloride, risk of arseniuretted hydrogen poisoning 
is present in the manufacture if the raw materials contain 
arsenic. Eulenburg considers that in soldering oppressive 
zinc chloride fumes may come off if the metal to bo soldered is 
first wiped with hydrochloric acid and then treated with the 
soldering iron. 

Bock salt.—Mention may be made that even to salt in 
combination with other chlorides (calcium chloride, mag¬ 
nesium chloride, &c.) injurious effects are ascribed. Ulcers 
and perforation of the septum of the nose in salt-grinders 
and packa's who were working in a room charged wit]? 'salt 
dust are described.® These effects arc similar to those produced 
by the bichromates. 


Organic Chlorine Compounds 

« 

Carbon oxychloride (COClu, carbonyl dichloride, phosgene) 
is produced by direct combination of chlorine and carbonic 
oxide in presence of animal charcoal. Phosgene is itself a very 
poisonous gas which, in addition to the poisonous qualities of 
carbonic oxide (which have to be borne in mind in view* of 
the method of manufacture), acts as an irritant of the mucous 
membrane.^. Commercially it is in solution in toluene and 
xylene, from which the gas is readily driven off by heating. 
It is used in the production of various colours, such as crystal 
violet, Victoria blue, aujamihe, &o. 

A fatal case of phosgene gas poisoning in the report 
of the Union of- Chemical Industry for 19(J5 deserves 
mention. The jffiosgene was kept in a liquefied sttite in iron 
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bottles provided with a valve under 2'3 atm. pressure. Tlio 
valve of one of these bottles leaked, allowing large escape into 
the workroom. Ifwo workers tried but failed to secufe *the 
valve. The cylinder was therefore removed by a worker, by 
order of the manager, and placed in a cooling mixture, as 
phosgene boils at 8° C. The man in quc.stion wore a helmet 
into which ^ir was pumped from the compressed air supply in 
the factory. As ,the helmet became obscured through moisture 
after five minutes the worker took it off. A foreman next put 
on the cleaned mask, and kept the cylinder surrounded with 
ice and salt for three-quarters of an hour, thus stopping the 
escape of gas. Meanwhile, the first worker had again entered 
the room, wearing a cloth soaked in dilute alcohol before his 
mouth, in order to take o. sack of salt to the foreman. An 
hour and a half later he complained of being very ill, became 
worse during the night, and died the following ijiorning. 
Although the deceased may have been extremely susceptible, 
the case affords sufficient proof of the dangerous nature of 
the gas, which in presence of moisture had decomposed into 
carbonic a''id and hydrochloric acid ; the latter had acutely 
attacked the mucous membrane of the respiratory passages 
and (Kit up fatal bronchitis. Eurther, it was foi^d that 
the leaden plugs of tlu^ valves had been eroded by the 
phosgene. 

Three further cases of industrial phosgene poisoning have 
been reported,'* one a severe case in which there was bronchitis 
with blood-jtained expectoration, great dyspnoea, and weak¬ 
ness of the heai't’s action. The affected person was successfully 
treated with ether and oxygon inhalations. Phosgene may 
act either as the whole molecule, or is inhaled to such degree 
that the carbonic oxide element plays a part. 

I» another case of industrial phosgene poisoning the 
symptoms were those of severe irritation of the bronchial 
mucous membrane and difficulty of breathing.J** The c£ise 
recovered, although sensitiveness of the air passages lasted a 
long time. ■ •• 

<'\rhon chlorine coni'pmiids Aliphatic series).—Methyl 
chloride (CH3CI) or chlormethane is jfrepared. from ijethyl 
alcohol and hydrochloric acid (with cMoride of zinc) or methyl 
alcohol, salt, ^ffid sulphuric acid. It is preparedjn franco on a 
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large scale 11*0111 beetroot vinasse by dry distillation of the 
evtjjioration residue. The distillate, which contains methyl 
alcoho?, trimethylamine, and other methylated amines, is 
heated with hydrochloric acid ; the methyl chloride so obtained 
is purified, dried and compressed. It is used in t he preparation 
of pure chloroform, in the coal-tar dye industry, and in surgery 
(as a local anEesthetic). In the jireparation of methyl diloride 
there i.s risk from methyl alcohol, trimethylamine, &c. Methyl 
chloride itself is injurious to health. 

Methylene chloride (CHoClo, dichlormcthane) is prepared in 
a similar way. It i.s very poisonous. 

Carbon tetrachloride (CClj, t.etrachlormethane) i.s technically 
important. It is jirepared by passing chlorine gas into carbon 
bisulphide with antimony or aluminium chloride. Carbon 
tetrachloride is a liquid suitable for the extraction of fat or 
grease (^s in chemical cleaning), and has the advantage of being 
non-inflammable. Carbon tetrachloride, so far as its poisonous 
qualities are concerned, is to be preferred to other extractives 
(sec Carbon Risulphide, Renzine, &c.) ; for the rest it causes 
unconsciou,sness similar to chloroform. 

When manufactured industrially, in addition to the poison¬ 
ous effect of chlorine, the j)oisonous carbon bisulphide has also 
to be borne in mind. 

Ethyl chloride (C„Hr,Cl) is made in a way analogous to 
methyl chloride by the action of hydrochloric acid on ethyl 
alcohol and chloride of zinc. It is used in medicine as a 
narcotic. 

Monochloracelic acid. —In the preparation of monochlor-. 
acetic acid hyaroohloric acid is developed in large quantity. 
From it and anthranjlic acid artificial indigo is prepared 
(according to Heuman) by means of caustic potash. 

Chloral (CCl^CHO, tricliloracctaldehyde) is produced by 
chlorinating alcohol. Chloral is used in the preparation of 
pure chloroform and (by addition of water) of chloral hydrate 
(trichloracetaldehyde hydrate), the well-known soporific. 

Ciiloroform (CHCl,;, triohlormethane).—Some methods for 
the preparation of clilorolorm have been already mentioned 
(Chloral, Methyl Chloride). Technically it is prepared by 
distillation of abohol or acetone with bleaching powder. The 
workers ertiployed are said to be affected by the stupefying 
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vapours. Further, there is the risk of chlorine gas from use of 
chloride of lime. 

Chloride of nitrogen (NClj) is an oily, volatile, very explosive, 
strongly smelling substance, which irritates the eyes and nose 
violently and ir in every respect dangerous ; it is obtained 
from the action of chlorine or hypochlorous acid on sal- 
ammSniao*. The poisonous nature of these substances may 
come into play. Risk of formation of chloride of nitrogen 
can arise in the production of gunpowder from nitre containing 
chlorine. 

Cyanogen chloride (CNCl).—Cyanogen chloride is made 
from hydrocyanic acid or cyanide of mercury and chlorine. 
Cyanogen chloiide itself :■ an extremely poisonous and irritat¬ 
ing gas, and all the substances from which it is made are 
also poisonous. According to Albrecht cyanogen chloride 
can arise in the preparation of red prussiate of potash (by 
passage of chlorine gas into a solution of the yellow prussiate) 
if the solution is treated with chlorine in excess ; the workers 
may thus be exposed to great danger. 

Chlorobenzene .—In his paper referred to Leymann cites 
three cases of poisoning by chlorobenzene, one by dinitro- 
chlorolfcnzene, and, further, three cases of burning by chloro¬ 
benzene and one by benzoyl chloride (C^HjCOCl). The last 
named is made by treating benzaldehydc with chlorine, and 
irritates severely the mucous membranes, while decomposing 
into hydrochloric acid and benzoic acid.’i Benzal chloride 
(CgH^CHClj), benzo trichloride (C5H5CCL,), and benzyl chloride 
obtained by action of chlorine on boiling 
toluene. The vapours of these volatile products irritate the 
re piratory passages. In the manufacture there is risk from 
the effect of chlorine gas and toluene vapour (see Benzene' 
Toluene). 

Leymann^- describes in detail six cases of poisoning in 
persons employed in a chlorobenzene industry, of which two 
were due to nitrochlorobenzene. ^ Sy^nptoms of poisoaing— 
head^he, cyanosis, fainting, &,c.V-were noted in a person 
working for three weeks with chlojobenzene.** 

In Lehmann’s opinion chlorine rash, thf well-recogmsed 
skm affection ,3f chlorine workers, may be due to (vsntact with 
substances or the chlorbenzol group.* 
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Iodine and iodine wnipounds. —Foniicrly iodine was ob¬ 
tained, almost exclusively from the liquor formed by lixiviation 
of the av?h of seaweed (kelp, &c.); now the principal sources are 
the mother liquors from Chili saltj)etre and other salt industries. 
From the concicntrated liquor the iodine is sot free by means 
of chlorine or oxidising substances and purified by dir-tillation 
and sublimation. Iodine is used for tlic preparation of j)hoto- 
grapliic and pharmacouticial j)reparation8, esjtecially iodoform 
(tri-iodomethane, CHI.,), uhich is made by acting with iodine 
and caustic potash on alcohol, aldehyde, acetone, &c. 

Apart from pos.sible injurious action of chlorine when u.sed 
in the preparation of iodine, workers are exposed to the possi¬ 
bility of chronic iodine ])oisoning. According to Ascher'^ 
irritation eifeots, nervous .symptoms, and gastric ulceration 
occur in iodine manufacture and use. He considers that 
bromide of iodine used in j)hotogra]ihy produces these irritating 
effects most markedly. Layet and also Chevallier in older 
literature have made the same obsfwvations. 

The Swiss Factory lnsj)ector.s’ Re])ort for 1 Hi)0-1 describes 
two acute cases of iodine poisoning in a factory where organic 
iodine oomj)ound.s were made ; one terminated fatally (.severe 
cerebral symptoms, giddiness, diplopia, and collapse'^’. 

Bromine and bromine compounds. —Bromine is obtained 
(as in the ease of iodine) principally from the mother liquors of 
salt works (especially Stassfurt saline depo.sits) by the action 
of chlorine or nascent oxygen on the bromides of the alkalis 
and alkaline earths in the li<jim''.s. They are ohifefly used in 
photography (silver bromide), in medicine (potassium bromide, 
&o.), and in the coal-tar dye industry. 

The danger of bromilie poisoning (especially of the chronic 
form) is present in its manufacture and use, but there is no 
positive evidence of the appearance of the bromine rash among 
the workers. On the other hand, instances arc recorded of 
poisoning by methyl bromide, and the injurious effect of 
bromide of iodine has bj«n referred to. ' 

Methyl iodide and methyl bromide. —Methyl iodide (QPjI), 
a volatile fluid,'is obtained by distillation of wood spirit with 
amorphous phosphorus and iodine ; it is used in the production 
of methylated tar colours and for the produck'on of various 
niethj'len? compounds. Grandhorame describe,s,^in the paper 
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already referred to, six cases, some very severe, of poisonihg 
by the vapour of piethyl iodide among workers engaged ir^the 
preparation of antipyrin, which is obtained by the aSfion of 
aceto-acetic ether on phenyl hydrazine, treatment of the pyra¬ 
zolone so obtained with methyl iodide, and decomposition of the 
produot^ith caustic soda. A ease of methyl iodide poisoning 
is deseiibad in a factory operative, wlw showed symptoms 
similar to tliose •described for methyl bromide except that the 
psychical disturbance was more marked. 

Three cases of methyl bromide (CH.lSr) poisoning are 
described in persons preparing the compound.*' One of these 
terminated fatally. There is some doubt as to whether 
these cases we;x! really r:"thyl bromide, poisoning. Eut later 
cases of methyl bromide poisoning arc known, aiid hence the 
dangerous natur(> of this chemical compound is undoubted. 
Thus the Report of the Union of Chemical Industry for 
1904 gives the following instance : Two workers who had to 
deal with an ethereal solution of methyl bromide became ill 
with symptoms of alcoholic intoxication. One .suffered for a 
long time from nervous excitability, attacks of giddiness, and 
drowsiness. Other cases of ])oisoning from methyl bromide 
vapotli^are recorded w'ith severe nervous symptoms'and even 
collapse. 

Fluorine comimunds.—Hydrogen fluoride (HFl) commer¬ 
cially is a watery solution, which is prepared by decom¬ 
position of powdered fluorspar by sulphuric acid in oa,st-iron 
vessels wit.*) lead hoods. 'I’he escaping fumes are collected in 
leaden condensers surrounded with water ; sometimes to get 
a very pure product it is redistilled in platintim vessels. 

Hydrogen fluoride is used in the preparation of the fluorides 
ol antimony, of which antimony fluoride ammonium sulphate 
(Sbl?l 3 (NH,) 2 .SO.i) has wide u,sp in dyeing as a substitute for 
tartar emetic. It is produced by dissolving oxide of antimony 
in hydrofluoric aeid with addition of ammonium sulphate and 
8 ub.se(^uent concentration and crystallisation. Hydrofluoric, 
acid is used for etching glass (see also 011asH Industry). 

in brewing, an unpurified sili8o-5uoric acid mixed with 
silicic acid, clay, oxide of iron, and T)xide of zinc called iSalufer 
i.*-' used as a disinfectant and p.resorvative. • 

Ilydroflutrric (tcAd and. silicofluoric acid ^HjSiElo) arise 
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fvfrther in the superphosphate industry by the action of 
sulphuric acid on the phosphorites whereby silicofluoric acid 
is ofetaihed as a bye-product (see also Manufacture of Artificial 
Mainure). Hydrofluoric acid and its derivatives both in their 
manufacture and use and in the superjfliocphate industry 
affect the health of the workers. 

If hydrogen fluoride or its compounds escap6 into the 
atmosphere they attack the respiratory passages and set up 
inflammation of the eyes; further, workers handling the 
watery solutions are prone to skin affections (ulceration). 

The following are examples of the effects produced.** A 
worker in an art establishment upset a bottle of hydrofluoric 
acid and wetted the inner side of a linger of the right hand. 
Although he immediately washed his hands, a painful inflam¬ 
mation with formation of blisters similar to a bum of the second 
degree (fame on within a few hours. The blister became 
infected and suppurated. 

A man and his wife wished to obliterate the printing on the 
top of porcelain beer bottle stoppers with hydrofluoric acid. 
The man took a cloth, moistened a corner of it, and then rubbed 
the writing off. After a short time he noticed a slight burning 
sensatiorf and stopped. His wife, who wore an old kW glove 
in doing the work, suffered from the same symptoms, the pain 
from which in the night became unbearable, and in spite of 
medical treatment gangrene of the finger-tips ensued. Healing 
took place with suppuration and los.s of the finger-nails. 

Injury of the respiratory passages by hydrofluoric acid has 
often been reported. In one factory for its manufacture the 
hydrofluoric aci(i vapour was so great that all the windows to a 
height of 8 metros were etched dull. 

Several cases of poisoning by hydrofluoric acid w^ere noted 
by me w'hen examining the eertifioates of the Sick Insurance 
Society of Bohemia. In 1906 there were four due to inhala¬ 
tion of vapour of hydrofluorie acid in a hydrofluoric acid factory, 
with symptoms of corrosive action on the mucous membvane of 
the respiratory tract, ^^n MO? there w'as a severe case in the 
etching of gluss.J'-' 
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THE NITRIC ACIb^INDUSTRY 

NITEIC ACID. 

Manltfacture an'd Uses.— Nitric acid (HNO3) is obtained 
by distillation when Chili saltpetre (sodium nitrate) is decom¬ 
posed by sulphuric acid in cast-iron retorts according to the 
equation : 

NaNOa + H 3 SO, = NaHSO, -f HNO;,. 
Condensation takes place in fireela}^ Woulff bottles connected 



,0 a coke tower in the same way as has been described in 
;he manufacture of hydrochloric acid. 

Lunge-Rohrmann plate towers are also used instead of the 
^nke tower. Earthenware fans—as is*the case with acid gases 
jenerilly—.servo to aspirate the nitrous fumes. 

To free the nitric acid of the accompanying low’er oxides of 
litrogen (as well as chlorine, compounds of chlorine and other 
mpurities) air is blown into the hot acid. The mixture of 
sodium sulphate and sodium bi^uljihate remaining (p the 
retos Is is either converted into sulphate by addition of salt or 
-ised in the manufacture of glass. 

The nitric acid obtained is used eit ier as suen or mixea with 
mlphtnic acid or with hydrochloric acid. 

Pure nitjic acid cannot at ordinary atmospnersf! pressure 
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1 )^ distilled uhaltered, becomes coloured on distillation, and 
turns red when exposed to light. It is extremely dangerous to 
handle^ as it sets light to straw, for example, if long in contact 
vvilh it. It must be packed, therefore, in kieselguhr earth, 
and when in glass carboys forwarded only in- trains for trans¬ 
port of inflammable material. f 

Red, fuming jiilric acid, a crude nitric acid, convains much 
nitrous and nitric oxides. It is jiroduced if in the distillation 
proces.s less sulphuric acid and a higher temperature arc 
employed or (by reduction) if starch meal is added. 

The successful production of nitric acid from the air must be ' 
referred to. It is eifected by electric discharges in special 
furnaces from which the air charged with nitrous gas is led into 
towers w'herc the nitric o.xidc is further oxidised (to tetroxido), 
and finally, by contact with water, converted into nitric acid. 

Nitriv, acid is used in the manufacture of phosphoric acid, 
arsenious acid, and sulphuric acid, nitro-glycci-in and nitro¬ 
cellulose, smokeless powder, &c. (sec the section on Explosives), 
in the preparation of nitrobenzenes, picric acid, and other 
nitro-compounds (see Tar Products, &c.). The diluted acid 
serves for the solution and etching of metals, also for the prepar¬ 
ation of liitratc.s, such as the nitrates of mercury, silver, &.c. 

Eitect.s on Healtji.— Lcymann considers tliat the average 
number of cases and duration of sickness among persons em¬ 
ployed in the nitric acid industry are generally on the increase ; 
the increase relates almost entirely to bums which can hardly 
be avoided w ith so strongly corrosive an acid. Tlu number of 
burns amounts almost to J 2 per cent, according to Leymann’s 
figures (i.e. on 'an average 12 burns per 100 w'orkers), while 
among the packers, day labourers, &c., in the same 
industry the proportion is only 1 per cent. Affections 
of the respiratory tract are fairly frequent (IPS per cent, 
as compared with 8'8 per cent, of other workers), which is no 
doubt to be ascribed to the corrosive action of nitrous fumes 
on the mucous membranes. Escape of acid fumes carp occur 
in the^anufacturo of ntcrie acid though leaky retorts, pipes, 
&c., and injurious acid fuifies may be developed in the work¬ 
rooms I'rom the 'bisulphate' when withdrawn from the retorts, 
which is especially the case when excess of ij'ilphuric acid 
is used. The poisonous nature of these fuihes is very 
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great, as is shown by cases in which severe poisoning has 
been reported fiiom merely carrying a vessel containinir fpming 
nitric acid.i 

Frequent accidents occur through the corrosive action of 
the acid or Loni breathing the acid fumes—apart from the 
dan^Lt's mentioned in the manufa<!turo—in filling, packing, 
and despatching the acid—especially' if appropriate vessels 
arc not used 'and they break. Of such accidents several are 
reported. 

Further, reports of severe jioisoning from the use of nitric 
acid arc numerous. Inhalation of nitrou.s fumes (nitrous 
and nitric oxides, &e,) does not immediately cause severe 
symptoms or death ; , ■ verc symptoms tend to come on some 
hours later, as the examples cited below show. 

tfccurrence of such jioisoning has already been referred to 
when descri’oing the sulphui'ic acid industry. ln*the super¬ 
phosphate industry also poi.soning has occurred by accidental 
development of nitric oxide fume.s on sodium nitrate mixing 
with very acid sujierphosphate. 

Not unfrequcntly poisoning arises in jiickling metals 
(bejt making, pickling brass; cf. the chapter on ^Treatment 
of Skitals). Poisoning by nitrous fumes has frequently 
been reported from the action of nitric acid on organic sub¬ 
stances whereby the lower oxides of nitrogen—nitrous 
and nitric oxides—are given off. Such action of nitric 
acid or of a mixture of nitric and sulphuric acid on organic 
Bubstanc& is used .for nitrating purjioses (see Nitro¬ 
glycerin : Explosives ; Nitrobenzol). , 

Through want of care, therefore, poisoning can arise in these 
industries. Again, this danger is pi^sent on accidental contact 
of ^scaping acid with organic substances (wood, paper, leather, 
&c.), as shown especially by fires thus created.- 

Thus, in a cellar were five large iron vessels containing a 
mixture of sulphuric and nitric acids. One of the vessels was 
found one morning to be leaking. ^The manager directed that 
srioke helmets should be fetekpd, • intending to pump out 
the acid, and two plumbers #fen 4 into • the cellar to fix 
the pump, staying there about tventy-five minutes. They 
used cottjifl waste and handkerchiefs as rqppirators, but 
did not gut op the smoke helmets. One pluniber •suffered 
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only^from cough' but the other died the same evening with 
eymptpnv^, of great dyspnoea. At the autopsyi severe inflam¬ 
mation and swelling of the mucous membrane of the palate, 
pharynx and air passages, and congestion of the lungs were 
found. 

Two further fatal cases in the nitrating room are described 
by Holtzmann. One of the two complained only a feV hours 
after entering the room of pains in the chest Slid giddines.s. 
He died two days later. The other died the day after entering 
the factory, where he had only worked for three hours. In 
both oases intense swelling and inflammation of the mucous 
membrane was found. 

Holtzmann mentions cases of poisoning by nitrous fumes in 
the heating of an artificial manure consisting of a mixture of 
saltpetre, brown coal containing sulphur, and wool waste. 
Fatalities have been reported in workers who had tried to 
mop up the spilt nitric acid with shavings.^ Wc quote the 
following other instances ■'; 

(1) Fatal poisoning of a fireman who had rescued several 
persons from a room fiUed with nitrous fumes the result of a 
fire occasioned by the upsetting of a carboy. The rescued 
suffered from bronchial catarrh, the rescuer dying from inflam¬ 
mation and congestion of the lungs twenty-nine hours after the 
inhalation of the gas. 

(2) At a fire in a chemical factory three officers and fifty- 
seven firemen became affected from inhalation of nitrous 
fumes, of whom one died. 

(3) In Elberfeld on an open piece of ground fifty carboys 

were stored. One burst and started a fire. As a strong wind 
was blowing the firemen Were little affeeted by the volumes 
of reddish fumes. Soon afterwards at the same spot sorpe 
fifty to sixty carboys were destroyed. Fifteen men successfully 
extinguished the fire in a relatively still atmosphere in less 
than half an hour. At first hardly any symptoms of discomfort 
were felt. Three hours Ijiter aU were seized with violent 
suffoeative attacks, which fin pne ease proved fatal and in the 
rest entailed nine i to teni dajvs’iUness from affection of the 
respiratory organs. • 

The ReporJ of the Union for Chemieal Iijdustty for 1908 
deseribea a ^miMr accident in a nitro-eellulose factory. 
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Of those engaged in extinguishing the fire twenty-two were 
affected, and in spite of medical treatment and u^e, the 
oxygen apparatus three died. 

From the same .source we quote the following examples ; 

In a denitraliing installation (see Nitro-glycerin; Explosives) 
a maflkwas engaged in blowing, by means of compressed air, 
weaC nittic acid from a stoneware vessel sunk in the ground 
into a w'ashing tower. As the whole system was already under 
high pressure the vessel suddenly exploded, and in doing so 
smashed a w'ooden vat containing similar acid, which spilt on 
the ground with sudden development of tetroxide vapours. 
The mail inhaled much gas, but except for pains in the chest 
felt no seriou.s symptoi, - at the time and continued to work 
the following day. Death occurred the next evening from 
severe dyspnoea. 

A somewhat similar case occurred in the nitratiflg room of 
a dynamite factory in connection with the cleaning of a waste 
acid egg ; the ve.s.sel had for several days been repeatedly 
washed out with water made alkaline with unslaked lime. 
Two men then in turn got into the egg in order to remove 
the lime and lead deposit, compressed air being continuously 
hlowA in through the manhole. Q’he foreman remained 
about a quarter of an hour and finished the cleaning 
without feeling unwell. Difficulty of breathing came on 
in the evening, and death ensued on the following day. 

In another case a worker w'as engaged in washing nitroxylene 
when, through a leak, a portion of the contents collected in 
a pit below. He then climbed into the pit and scooped the 
nitroxylene which had escaped into jars. This work took 
about three-quarters of an hour, and afterw'ards he complained 
of difficulty of breathing and died thirty-six hours later.® 

“a worker again had to control a valve regulating the 
flow to two large vessels serving to heat or cool the nitrated 
liquid. Both vessels were provided with pressure gauges and 
open^t the top. Though carelessness one of the vessels ran over, 
and instead of leaving the rounl ^ter closing the valve, the 
man tried to get rid of the traces of Ijis erroj, remaining in the 
atmosphere charged with the fum<*,'> and was poisoifbd. 
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Nitric and Nitrous Salts and Compounds 

rtherj'dissolving in nitric acid the substances necessary for 
making the various nitrates, nitric and nitrous oxides cscaj)e. 
In certain cases nitric and hydrochloric acids arc used together 
to dissolve metals sucli as })latiniim and gold and ferric tixides, 
when chlorine as well as nitrous oxide escapes. Mention is 
necessary of the followng : 

Barium nitrale (RaiNOjls) is prepared as a (colourless 
crystalline suhstaiute by acting on barium carbonate or barium 
sulphide with nitric acid. Use is made of it in lireworks 
(green fire) and ex[)losives. In analogous way stront.ium 
nitrate (Sr(N() 3 )j) is made and used for red fire. 

Ammoviurn, nitrate (NH|NO;;), a colourless crystalline sub¬ 
stance, is obtained by neutralising nitric acid with ammonia 
or ammonium (jarbonate, and is also made by dissolving 
iron or tin in nitric acid. It is used in the manufacture of 
explosives. 

Lead mlraie. (Pb(NO:,a colourle.ss crystalline substance, 
is made by dissolving lead oxide or carbonate in nitric acid. 
It is nsed^ in dyeing and calico printing, in the j)repnration 
of chrome yellow and other lead ((omj)ounds, and mixt^ with 
lead peroxide (obtained by treatment of red lead with nitric 
acid) in the manufactui'e of lucifer matches. Apart from risk 
from nitrous fumes ((ionimon to all these salts) there is risk 
also of chronic lead jioisoning. 

Nitrate of iron (Fe(NO;;)„), forming green crystal's, is made 
by dissolving sulphide of iron or ii'on in cold dilute nitric acid. 
The so-called nitrate of iron commonly used in dyeing consists 
of basic sulphate of iron (used lai'gely in the black dyeing of 
silk). 

Copper nitrate (Gu(NO;i)»), jmepared in a similar way, is 
also used in dyeing. 

Mercurous nitrate (Hg^lNOj)^) is of great importance 
industrially, and is produced by the acti(m of cold dilute 
nitric acid on an excess of mpreury. It is used for ‘ carottipg ’ 
rabbit ^skins in i felt kat,making, for colouring horn, for 
etching, and for forming an amalgam with metals, in making 
a black bronzp on brass (art metal), in painting on jtoroelain, &c. 

Mencurit nithile (Hg(N0;,)2) is made by dissolving mercury 
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in nitric acid or by treating mercury with Isxcess of wVm 
nitric acid. Both the morcurouB and mercuric saltj act as 
corrosivo.s and ai'e .strongly poisonous (see also Mencurjk and 
Hat Manufacture). 

Nitrate, of silver (AgNO.;) is obtained by dissolving silver 
in nit*ic acid and is used commercially as a caustic in the well- 
known crystalline pencil.s (lunar caustie). Its absorption into 
the system lewis to accumulation of silver in the akin—the 
so-called ai'gyria (see Silver). Sueh cases of chronic poisoning 
are recorded by Lewin." Argvria occurs among photographers 
and especially in the. .silvering of glass pearls owing to intro¬ 
duction of a silver nitrate solution into the string of pearls by 
suction. In nortluTii ’-•hernia, where the glass pearl industry 
is carried on in the homes of the woi’kers, I .saw a typical case. 
'I’hc eases arc n.iw rare, as air pump.s are used instead of the 
mouth, * 

Sodium, viirila (NaNO._,) is obtained by melting (ihili salt¬ 
petre with itietallic lead in cast-iron ve,ssel.s. The mass is 
lixiviated and the cry,stats obtained on evaporation. The 
lead oxide produc(Kl is specially suitable for making red 
lead. Case.s of lead poisoning are frequent and sometimes 
severSk Roth mentions a factory where among 10^ employed 
there were 211 attacks in a year. 

Amyl nitrite, (ttHuNO-) is made by leading nitrous fumes 
into iso-amyl alciohol and di.stilling amyl alcohol with potassium 
nitrite and sulphuric acid. It is a yellowish fluid, the fumes 
of which when inhaled j)rodi!ce throbbing of the bloodvessels 
in the head and rapid pulse. 

For other nitric acid compounds see the following 
.s.-ction on Explosives and the secthm on Manufacture of Tar 
i’roducts (Nitro-benzene, &c.). 

Explosives 

Numerous explosive,s are madejvith aid of nitric ijpid or a 
mixture of nitric and sulphuric^cids. Injury to health and 
poisoning—especially through dc^lopment ef nitrous fumes— 
can be caused. Further, some •xplosives are themselves 
industrial pfcisons, especially those giving* off \olatile fumes 
or dust. 
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The most important are : 

Fulminate of mercury (HgCjNjOj) is .probably to be 
rega/decj' as the mercury salt of fulminic acid, an isomer 
of cyanic acid. It is used to make caps for detonating 
gunpowder and explosives, and is made > by dissolving 
mercury in nitric acid and adding alcohol. The heavy white 
crystals of mercury fulminate are filtered off and dried. 
Very injurious fumes are produced in the reaction, containing 
ethyl acetate, acetic acid, ethyl nitrate, nitrous acid, volatile 
hydrocyanic acid compounds, hydrocyanic acid, ethyl cyanide, 
cyanic acid ; death consequently can immediately ensue on 
inhalation of large quantities. The fulminate is itself poisonous, 
and risk is present in filtering, pressing, drying, and granulating 
it. Further, in filling the caps in the huts numerous cases of 
poisoning occur. Heinzerling thinks here that mercury fumes 
are devel&ped by tiny explosions in the pressing and filling. 
In a factory in Nuromburg 40 per cent, of the women employed 
are said to have suffered from mercurial poisoning. Several 
cases in a factory at Marseilles are recorded by Neisser." 
In addition to the risk from the salt there is even more 
from nitrous fumes, which are produced in large quantity in the 
fulminate*department. t 

Nitro-glycerin (CjHjjO—NOjjj, dynamite, explosive gela¬ 
tine).—Nitro-glycerin is made by action of a mixture of nitric 
and sulphuric acids on anhydrous glycerin. The method of 
manufacture is as follows (see fig. 10) : glycerin is allowed 
to flow into the acid mixture in leaden vessels ; it is agitated 
by compressed air and care taken that the temperature remains 
at about 22° C., as above 25 ° there may be risk. The liquid is 
then rim off and separatqs into two layers, the lighter nitro¬ 
glycerin floating on the top of the acid. The process is watched 
through glass windows. The nitro-glycerin thus separated is run 
off, washed by agitation with compressed air, then neutralised 
(with soda solution) and again washed and lastly filtered. The 
flcid mixture which was run off is carefully separated by stand¬ 
ing, as ®iy explosive oil cofi'tained in it will rise up. The waste 
acid freed from nitro-glycerirf is recovered in special apparatus, 
being denitrified ‘ by hot aVr and steam blowm through it. 
The nitrous fumes are condensed to nitric acid, ijjhe sulphuric 
acid is evaportitqd. 
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Dymmile is made by mixing nitro-glyoerin with infus^rial 
earth previously.heated to redness and purified. ^ 

Blasting gelatine is made by dissolving gun cotton ^col^dion 
wool, nitro-cellulose) in nitro-glycerin. Both are pressed into 
cartridge shap». 

Nitro-glycerin itself is a strong poison which can be 
absdrbedboth through the skin 
and from the alimentary canal. 

Robert describes a case where 
the rubbing of a single drop 
into the skin caused symptoms 
lasting for ten hours. Work¬ 
men engaged in washing out 
nitro-glycerin from the kicsel- 
guhr earth, having in doing so 
their bare arms immersed in 
the liquid, suffered. Although 
it be granted that nitro-glyoerin 
workers become to a large 
extent acclimattsed, cases of 
poisoning constantly occur in 
expte^ves factories referable to 
the efiect of nitro-glycerin. 

Persons mixing and sieving 
d3mamite suffer from ulcers 
under the nails and at the 
finger-tip,“^which are difficult to 
heal. Further, where the ap¬ 
paratus employed is not com- Fio. lO.—Preparation of Nitro-gly- 
pletely enclosed nitrous fumes Nitrating Vessel [after Outt- 

escape and become a source of ^ Glycerine rosorvoir; C Fume 
dai^er. Formerly this danger flue; D Acid supply pipe ; E,GCom- 
was corstantly present in the pressed air supply; H.J Cooling coU. 
nitrating house where nitration 

was effected in open vessels. Now that this is usually done- 
in closed nitrating apparatus witft glass covers th# danger 
is Saainly limited to the acid s^arating house, wash house, 
and especially the room in whidh^ Senitratmn of tlte waste 
acids is effegted. 

A fatal‘Case In a nitr<tglyo'5™ factory wa .4 rennrted in 
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]90$ where, through careleHsness, a separator had overflowed. 
The workman wlio tried to wash away the acid with w'atcr 
inhajfid jo much of the nitrous fumes that he succumbed 
sixteen hours later. 

Other cases of poisoning by nitrous fumes oj;curring in the 
denitrating department arc described in detail in the ^''otion 
on the use of nitric acid. , • 

One of rhese occurred to a man forcing dilute nitric acid 
from an earthenware egg by means of conipre.s.sed air into a 
washing tower. Tht; egg burst and broke an acid tank. The 
workman died on the following day. 

A fatal case occurred in a dynamite factory in cleaning out a 
storage tank for waste acid in spite of previous swilling and 
ventilation. 

Gun, cotton [pyroxyline] and its use.—Pyroxylinc is the 
collective »;ame for all products of the action of nitric acid on 
cellulose (cotton wool and similar material) ; these products 
form nitric acid ester of cellulose (nitro-cellulose). 

Gun cotton Ls formed by the action of strong nitric acid on 
cellulose, (cotton wool). A mixture of sulphuric and nitric 
acids is allowed to act on cotton wool (previously freed from 
grease, pftrified, and dried), with subsequent pres.siii^ •and 
centrifugalisiiig. In the nitrating centrifugal machine (in the 
Selvig-Lange method) both proces.ses are ell'ccted at the same 
time. 

The interior of this apparatus i.s filled with nitric 
acid, cotton wool is introduced, the acid fumes ^exlmusted 
through earthenware pipes, and the remainder of the acid 
removed by the centrifugal machine; the nitrated material is 
then washed, teazed in, teazing machines, again washed, 
neutralised with calcium carbonate, again centrifugalised, and 
dried. Since drying in drying stoves is a great source of da*ger 
of explosion, dehydration is effected with alcohol, and the gun 
cotton intended for the production of smokeless powder carried 
directly to the gelatinising vessels (see Smokeless Pow'der). 

Guif cotton, apart frofn «its use for smokeless powder, is 
pressed in prisms and userh for charging torpedoes and^ea 
mines. 

Collodion cotkffi is a'partially nitrated cellulose. It is 
prepared gcnbri^ly in the same way as gun ootton,.except that 
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t is treated with a more dilute acid. It is soluble (in contra- 
iistinction to gun cotton) in alcohol-ether, and the |Qlution 
.s known as collodion (as used in surgery, pliotography,* andjto 
.mpregnate incandescent gas mantles). Mixed with camphor 
ind heated collodion forms celluloid. 

In (Siardonnet’s method for making artificial silk collodion 
is usc^ by forcing it through fine glasj tubes and drawing 
and spinning it. • The alcohol-etlier vapour,s are carried away 
by fans and the spun material i.s de-nitrated by ammonium 
sulphide. 

Smokelcsn potnler is a gun cotton powder—that is gun 
cotton the explosive power of which is utilised by bringing it 
into a gelatinous conditi , . This is efl'ected by gelatinising 
the gun cotton with alcohol-ether or acetone (sometimes with 
addition of campb'ir, resin, &c.). A doughy, pasty ma,S8 results, 
which is then rolled, washed, dried, and pressed inlo rods. 
Nobel’s nitroleum (artillery powder) consists half of nitro¬ 
glycerin and half of collodion cotton. In the production of 
gun cotton and collodion cotton the workers arc affected and 
endangered by nitric and nitrous fumes unless the nitrating 
apparatus is completely airtight. , 

Eroskm of the incisor teeth is general, but use of the new 
nitrating apparatus, especially of the nitrating centrifugal 
machines already described, has greatly diminished the 
evil. In making collodion, celluloid and artificial silk, in addi¬ 
tion to the risks referred to in the production of gun cotton, 
the vapour A’om the solvents, ether, alcohol, acetone, acetic- 
ether, and camphor, comes into consideration,)but there is no 
account of such poisoning in the literature of the subject. 

Other explosives which belong to‘the aromatic series are 
described in the chapter on Tar Derivatives, especially picric 
acid. 


.PHOSPHORUS AND PHOSPHORUS MATCHES 

o * 

Tlje total production of fliosplujrn^ is not large. Formerly it 
was prepared from bone ash. Now itjs made from phospljorite, 
which, as in the super-phosphate industry, is decomposed 
b} means of sllphyric acid, soluble phosphate asd caleium 
sulphate beii^ formed ; the latter is removed* the* solution 
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evaporated, mixed with coal or coke powder, distilled in clay 
retortsi and received in water. 

/ Phosphorus is also obtained electro-chemicaUy from a 
mixture of tricalcium phosphate, carbon, and silicic acid, 
re-distilled for further purification, and finally poured under 
water into stick form. 

Bed phosphorus (amorphous pho.spliorus) is obtained by 
heating yellow pho.spliorus in the absence of air and subse¬ 
quently extracting with carbon bisulphide. 

Phosphorus matdies are made by first fixing the wooden 
splints in frames and then dqiping the ends either into paraffin 
or sulphur which serve to carry the flame to the wood. Then 
follows dipping in the phosphorus paste projier, for which 
suitable dipping machines are now used. The phosphorus 
paste consists of yellow phosphorus, an oxidising agent (rod 
lead, lead nitrate, nitre, or manganese dioxide) and a binding 
substance (dextrine, gum); finally the matches are dried and 
packed. 

Safety matches are made in the same way, except that 
there is no phosphorus. The paste consists of potassium 
chlorate,, sulphur, or antimony sulphide, potassium bichromate, 
solution of gum or dextrine, and different admixtures such as 
glass powder, &c. These matches are saturated with paraffin 
or ammonium pho.sjihate. To strike them a special friction 
surface is required containing red phosphorus, antimony 
sulphide, and dextrine. In the act of striking the heat 
generated converts a trace of the red phosphorus into the 
yellow variety which takes fire. 

Danger to health arises from the poisonous gases evolved 
in the decomposition of the calcined bones by sulphuric 
acid. When phosphorus is made from phosphorite th,p same 
dangers to health are present as in the production of super¬ 
phosphate artificial manure, which is characterised by the 
generation of hydrofluoric and fluosilicic acids. In the 
distillation of phosphorus phosphoretted hydrogen and phos¬ 
phorus fumes may escape and prove dangerous. 4 , 

Industrial poisoning f-om the use of white phosphorus in 
the manufacture of matches has greater interest than its 
occurrence in the production of phosphorus itself. Already 
in lti46 'chronic phosphorus poisoning (phosphorus necrosis) 
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lad been observed by Lorinser.and carefully desctibed by BiJjra 
ind Geist in 1847 In the early years of its use phosfihofus 
lecrosis must have been fairly frequent in luoifer‘matph 
actories, and not infrequently have led to death. This 
lece.ssitated preventive measures in various States (see Part HI); 
iases bheame fewer, but did not disappear altogether. 

EspecMly dangerous is the preparation of the paste, 
lipping, and maiiipulations eonneeted with drying and filling 
/ho matches into boxes. According to the reports of the 
Austrian factory inspectors there are about 4500 lucifer match 
vorkers in that country, among whom seventy-four cases of 
lecrosi.s are known to have occurred between the years 1900 
md 1908 inclusive. 

Tcleky 1 considers these figures much too small, and from 
nquiries undertaken himself ascertained that 106 cases 
occurred in Austria between 1896 and 1906, whild'' factory 
nspectors’ reports dealt with only seventy-five. Ho vi as of 
jpinion that his own figures were not complete, and thinks 
jhat in the ten years 1896 to 1905 there must have been from 
150 to 400 cases of plio.spliorus necrosis in the whole of Austria. 
Despite strict regulations, modern e(iuipmeiit of the factories, 
ntroducAion of improved machinery,and limitation of ?hc white 
uliosphoru.s match industry to large factories, it has not been 
possible to banish the risk, and the same is ti-uc of Bohemia, 
ivhere there is always a sucee,ssion of cases. Valuable statistics 
ji phosphorus necrosis in Hungary are available.- In 1908 
there were sixteen factorie.s employing 1882 workers of whom 
60 per cent, were young—children even were employed. The 
industry is carried on in primitive fashion without hygienic 
irrangements anywhere. It is strange that, notwithstanding 
these bad conditions, among a large number of the workers 
sxamined only fourteen active cases were found, in addition 
to tw'o commencing, and fifteen cured—altogether thirty- 
ane cases (excluding fifty-five cases in which there was some 
3 ther pathological change in the mouth). Altogether ninety- 
three cases since 1900 were traced in’ Hungary, and in view 
3f the unsatisfactory situation pfeveptive pleasures, short 
jf prohibition of the use of white , phosphoru.s, would be 
useless. 

In England among 1000 lucifer march workers t|iere,were 
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thirteen cases'in the years 1900 to 1907 inclusive. Diminution 
in the number was due to improved methods of manufacture 
apd pfcriodical dental examination prescribed under Special 
Rules. 

Ph().sphorus necrosis is not the only t!ign of industrial 
phosphorus poisoning, as the condition of fragilitas rfssium is 
recognised.'* Prom 'what has been said it is ctident that 
preventive measures against phosphorus perisoning, although 
they diminish the number, are not able to got rid of phosphorus 
necrosis, and so civilised States have gradually been driven to 
prohibit the use of white pho.sphorus (for the history of this' 
see Part Ill). 

Use of chrome salts (especially potassium bichromate) in 
the preparation of the paste causes risk of poisoning in premises 
where ‘ Swedish ’ matches are made. Attention has been called 
to the frequency of chrome ulceration.'^ The paste used consists 
of 9-6 per cent, chrome salt, so that each match head contains 
about mg. Wodtke found among eighty-four workers early 
perforation of the septum in thirteen. Severe eczema also 
has been noted. 

It ii^,evon alleged that red phosphorus is not entirely free 
from danger. Such cachexia as has been noted* may be 
referable to the absorption of potassium chlorate. 


Other Uses of Phosphorus and Compounds of Phosphorus 

Isolated cases of phosphorus poisoning have been observed 
in the manufacture of phosphor-bronze. This consists of 
90 parts copper, 9 parts tin, and 0‘5 to 0'75 phosphorus. 

Sulphides of phosphorus (P2S5, P4S3, P^Sa) are made by 
melting together red phosphorus and sulphur. They make a 
satisfactory substitute for the poisonous yellow phosphorus 
and are considered non-poisonous, but the fact remains that 
they give off annoying sulphuretted hydrogen gas. 

PJhosphoretted hydrogen gas (PH;) rarely gives '^rise to 
industrial poisoning, ilt may come off in small amounts in 
the preparation of aostylene and in the preparation of, and 
manipulations with, white phosphorus. It is stated that in 
acetylene piade'of American calcium carbide ft 04 per cent, of 
pho^hoBctted hydrogen is present, and in acetylene ffom 
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Swedish oaleium oarbide O’O^ per eent.; lamge and Cedflr- 
kreutz found an aeetyleno containing 0-06 per cent. These 
amounts might cause poisoning if the gas were diffused in 
confined spaces. Poisoning, in part attributable to ph^s- 
phoretted hydrogen gas, is brought about tlirough ferro- 
silicon ysee under Fcrro-silicon). 


Superphosphate and Artificial Manure 

iSuper-phosphate, an artificial manure, is prepared from 
various raw materials having a high proportion of insoluble 
basic calcium phosphate (tricalcium phosphate), which by 
treatment with sulphuric acid are converted into the soluble 
xcid calcium phosphate (monocalcium phosphate) and calcium 
ralphate. Mineral substances such as phosphorites, coprolites, 
'uano, bone ash, &c., serve as the starting-point. 4Chamber 
mid, or sometimes the waste acid from the preparation of 
litro-bcnzene or purification of petroleum, are used in the 
■onversion. I^he raw materials are ground in closed-in appara¬ 
tus, under negative pressure, and mixed with the sulphuric 
leid in wood('n lead-lined boxes or walled receptacles. The 
woduSt js then stored until the completicm of the ^-efljtion 
n ‘ dens,' dried, and pulverised in disintegrators. 

In the manufacture of bone meal extraction of the 
at from the bones with benzine precedc.s treatment w'ith 
cid. 

-4 furthaij, source of artificial manure is basic slag —the slag 
sft in the manufacture of steel by the Gilchrist-Thomas 
aethod—which contains 10-25 per cent, of readily soluble 
hosphoric acid. It requires, therefor^, only to be ground into 
very fine powder to serve as a suitable manure. 

0 \fmg to the considerable heat generated by the action 
f the sulphuric acid when mixed with the pulverised raw 
laterials (especially in the conversion of the phosphorites) 
ydroflijoric and silicofluoric acid vapours are evolved in 
ppreciable amount, and also carbonic and hydrocnloric 
Mid il'apours, sulpimr dioxide, and ^Iphuretted hydrogen gas. 
These gases—notably such as oontJJiii fluorine—if not Effec¬ 
tually dealt wit); by air-tight apparatus and exhaust ventilation 
may lead to seriCus annoyance and injury tp lire pejsons 
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employed. Piirtlier, there is risk of erosion of the skin from 
conta/;t with the acid, &c. 

A case is described of pustular eczema on the scrotum 
0 / a worker engaged in drying sodium silicofluoride, due 
probably to conveyance of irritating mattar by the hands. 
After the precaution of wearing gloves was adopted the 
affection disappeared. » ‘ 

A marked case of poisoning by nitrous fumes even is 
recorded in tlm manufacture of artificial manure from mixing 
Chili saltpetre with a very acid superphosphate. 

Injurious fumes can be given off in the i-oonis where' 
bones are stored and, in the absence of efficient ventilation, 
carbonic acid gas can accumulate to an amount that may be 
dangerous. 

Tlie fine dust produced in the grinding of slug has, 
if inhaled, a markedly corrosive action on the respiratory 
mucous membrane attiihuted by some to the high proportion 
(about .50 per cent.) in it of quicklime. As a matter of fact 
numerous small ulcers are found on the mucous membranes of 
basic slag grinders and uhieration of the lung tissue has been 
observed. The opinion is expressed that this is due to corrosive 
action of the dust itself, and not merely to the, sharp, 'jagged 
edged particles of dust inhaled. And in support of this view is 
cited the frequency with which epidemics of pneumonia have 
been noted among persons employed in basic, slag works. 
Thus in Nantes thirteen cases of severe pneumonia followed one 
another in quick succession. And similar association has been 
noted in Middlesbrough, where the action of the basic slag dust 
was believed to injure the lung tissue and therefore to provide 
a favourable soil for .the development of the pneumonia 
bacillus. Statistics eollcctcd by the Imperial Health Office 
showed that in the three years 1892, 189.3, and 1894, 91T per 
cent., 108'9 per cent., and 9T3 per cent, respectively of the, 
workers became ill, the proportion of respiratory diseases 
being 56'4 per cent., 54-4 per cent., and 54-3 per cent, respec¬ 
tively. A case of severehnliammation of the lungs is described 
in a labourer scattering bisic slag in a high wind which‘drove 
some'of it back in his fac^. 

Lewin has described a case in which a wordier scattering a 
mixture of‘b£Vsic slag and ammonium superphosphate suffered 
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from an eczematous ulceration which, on bein^ scratched j^y 
the patient, became infected and led to death from general 
blood poisoning. Lewin regarded the fatal issue ,«s the 
sequela of the scattering of the manure. * , 

Inflammation of the conjunctiva and of the eyelids has 
been recorded. 

• 

CHROMIUM COMPOUNDS AND THEIR USES 

Chrome ironstone, lime, and .soda are ground and intimately 
mixed. They are next roasted in reverberatory furnaces, 
neutral sodium chromale. being formed. This is lixiviated and 
eonveried into sodium bichromate (Na^CrjOy) by treatment 
with sulphuric acid. Concentration bj. evaporation follows; 
the concentrated liquor is crystallised in cast-iron tanks. 
The crystals are centrifugali.sed, dried, and packed. Potas¬ 
sium bichromate may be made in the same way, or, as is 
usually the case, out of sodium bichromate and potassium 
chloride. 

The bichromates ar^^ used in the preparation and oxidation 
of chrome colours, but their principal use is in dyeing and 
oalicS printing, bleaching palm oil, purifying wood »pirit and 
brandy, in the preparation of ‘Swedish’ matches, m the 
manufacture of glass, in photography, in dyeing, in tanning, 
and in oxidation of anthracene to anthraquinone. 

Lead Chromate and Chrome Colours 

Chrome yellow is neutral lead chromate (PbCrOj). It is 
obtained by precipitating a solution of potassium bichromate 
with lead acetaie or lead nitrate, or b^ digesting the bichromate 
solution with lead sulphate, and is used as a paint and in 
calico and cloth priuiing. With Paris or Berlin blue it forms 
a chrome green. Chrome orange, i.e. basic lead chromate 
(PbCrO^PbfOHjj) is made by adding milk of lime to lead 
chromate and boiling. ,, 

'Chromium and chromic acidsajts are widely used in dyeing 
and pr nting, both as mordant* and oxidising agejits and 
as dyes (chrome yellow, chrome orange). In mordanting 
■wool with .potassium chromate the wool is.boiled in a 
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pqfcassium chromate solution to which acids sucli as sulphuric, 
lactic, oxalic, or acetic are added. 

InMyeing with chrome yellow, for instance, the following 
is (the ‘process. Cotton wool is saturated with nitrate or 
acetate of lead and dried, passed through lime .water, ammonia, 
or sodium sulphate, and .soaked in a warm solution of potassium 
bichromate. The yellow is converted into the orangf colour by 
subsequent passage through milk of lime. 

Chrome tanning .—This method of producing chrome 
leather, first patented in America, is carried out by either the 
single or two bath process. 

In the two bath process the material is first soaked in a 
saturated solution of bichromate and then treated with an acid 
solution of thiosulphate (sodium hyposul})hite) so as to reduce 
completely the chromic acid. The ])roeess i.s completed even 
with the Ijardest skins in from two to three days. 

In the single bath method basic chrome salts are used in 
highly concentrated form. 1'hc skins are passed from dilute 
into strong solutions. In this process also tanning is quickly 
effected. 

Effect.s on Health. —Among the persons employed in 
the bichromate factory of which Leymann has fqrrftshed 
detailed particulars, the number of sick days was greater 
than that among other worker,s. 

Further, erosion of the .‘ikin (chrome, holes) is character¬ 
istic of the manufacture of bichromates. These are sluggish 
ulcers taking a long t.imc to heal. This is the majn cause of 
the increased general morbidity that has been observed. The 
well-known perforation of the septum of the nose without, 
however, causing ulterior cffecis, was observed by Leymann in 
all the workers in the factory. This coincides with the opinion 
of others wlm have found the occurrence of chrome holes,''and 
especially perforation of the septum, as an extraordinarily 
frequent occurrence. Many .such observations arc recorded,! 
and also in w'orkers manufacturing ‘ Swedish ’ matches. i Thus 
of 237 ‘bichromate workefti,•ulcers were present in 107 and 
perforation in 87. According to Lewin, who has paid special 
attentidki to the poisonous n^ure of chromium compounds, they 
can act in two wayjs; first, on the skin and mucoqs membrane, 
where the duSt alights, on the alimentary trifet by*swallowing. 
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and on the pharynx by inhalation. Secondly; by absorption 
into the blood, kidney disease may result. 

The opinion that chromium, in addition to locai, aan have 
constitutional effect is supported by other authorities. Uey- 
mann de,scribes*a case of severe industrial chrome poisoning 
accompanied by nephritw in a worker who had inhaled and 
swallowed much chromate dust in cleaning out a vessel. 
Regulation-s for4ihe manufacture of bichromates (see Part III) 
have no doubt improved the condition, but reports still show 
that perforation of the septum generally takes place. 

It must bo borne in mind that practically all chromium 
compounds are not alike poisonous. Chrome ironstone is 
non-poisonous, and tlie potassium and sodium salts are by far 
the most poisonous, while the neutral chromate salts and 
chromic oxide arc only sliglitly so. Pander found that 
bichromates vere 100 times as poisonous as tlJe soluble 
chromium oxide compounds, and Kunkel is of opinion that 
poisonoms effect shown by the oxides is attributable to traces 
of oxidation into chromic acid. 

Lewin, on the other hand, declares in a cautionary notice 
for chrome workers generally that all chromium compounds 
are poisonous, and therefore all the dyes made from*thcm.2 

In tne manufacture of bichromates, chance of injury to 
health arises partly from the dust, and partly from the stkm, 
generated in pouring water over the molten mass. The steam 
carries particles of chromium compounds with it into the air. 
In evaporrting the chromate solutions, preparation of the 
bichromate, breaking the crystals, drying ^d packing, the 
workers come into contact with the substance and the liquors. 
Chrome ulceration is, therefore, meat frequently found among 
those employed in the crystal room and less among the furnace 


From .3-30 to 6-30 mg. of bichromate dust have been found 
in 1 c.m, of air at breathing level in the room where chromate 
was ciushed, and 1-57 mg. where it was packed. Further 
presence of chromium in the sllb^iq, escaping from the hot 
chrome liquors has been proved.* ^ 

Poisomug from use of chrome oolqjirs is p^ly attriSutable * 
to lead, 8 .S, :or example, in making yeUew cohmred tape 
measures, jhUow stamps, and from the u»e of oqJourS 
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thread. Ga/.aneuve *• found 10 per cent, of lead chromate 
in suet thread, in wool 18 per cent., and in the dust of 
rooms wliere such yam was worked up 44 per cent. 

tJse of chrome colours and mordants is accompanied by 
illness which certainly is referable to the poiMnous nature of 
the chrome. In France use of chromic and phosphoric acid in 
etching zinc plates has* caused severe ulceration. < " 

Bichromate poisoning has been described among photo¬ 
graphers in Edinburgh in the process of carbon printing, in 
which a bichromate developer is used."’ 

There is much evidence as to occurrence of skin eruptions 
and development of pustular eczema of the hands and forearms 
of workers in chrome tanneries!® In a large leather factory 
where 300 workers were constantly employed in chrome 
tanning nineteen cases of chrome ulceration were noted within 
a year. Injury to health was- noted in a chrome tannery in 
the district of Treves, where the two bath process was used, 
from steam developed in dissolving the chromate in hot 
water. 

Finally, I have found several records in 1907 and 1908 of 
perforation of the septum in Bohemian glass workers. 


MANGANESE COMPOUNDS 

The raw material of the manganese industry is houmminite 
(manganese dioxide, MnOj). I’liis is subjected to a crushing 
process, sorted, sieved, finely ground, washed, and dried. 
The pure finely ground manganese dioxide is much used in the 
chemical industry, especially in the recovery of chlorine in 
the Weldon process and in the production of potassium perman¬ 
ganate, which is obtained by melting manganese dioxide with 
caustic soda and potassium chlorate or nitre, lixiviation and 
intrqduction of carbonic acid, or better by treatment with 
ozone. 

( 

Mafiganese is also usod in the production of colours ; the 
natural and artificial umbers contain it; in glass W'orks it is’ased 
to decblourise glass, ancl also in the production of coloured 
glass and glazes in the manufacture of stove tiles, and in 
the producthon of driers for the varnish* and joil industry. 
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Manganese and compounds of manganese are dangerous wten 
absorbed into tli? system as dust. , 

Already in 1837 nervous disorders had been desaribed in 
workmen who ground manganese dioxide. The malady was 
forgotten, until daksch " in Prague in 1901 demonstrated several 
such Rises in persons employed in a large chemical factory in 
Bohemia,* from the drying of Weldon* mud. In the same 
year three simikir cases were also described in Hamburg. In 
1902 .Taksch observed a fresh case of poisoning, and in the 
factory in question described a condition of manganophobia 
among the workers, obviously hysterical, in which symptoms 
of real manganese poisoning were simulated. In all some 
twenty cases are known. Jaksch ’s of opinion that it is 
maugaiK'se dust rich in manganese protoxide that is alone, 
dangerous, since, if the mud has been previously treated with 
hydrochloric acid, by which the lower oxides are wmoved, no 
illness can be found. The most dangerous compounds are 
MnO and MujOj. 


PETBOLEUM 

OcynuREjrcE AND U.SES.— Crude petroleum flov's^spontane- 
ously Ji'om wells in consequence of high internal pressure of 
gas or i.s pumped up. In America and Eussia also it is con¬ 
veyed hundreds of miles in conduits to the ports to be led 
into tank steamers. 

The cryde oil is a dark-coloured liquid which, in the case 
of Pennsylvanian mineral oil, consists mainljr of a mixture of 
hydrocarDons of the paraffin series, or, in Baku oil, of those of 
the najihtha scries. There are in addition sulphur compounds, 
olefines, p 3 TidiD, &c. The crude oil is unsuitable for illuminating 
purposes and is subjected to a distillation process. It is 
split up into three fractions by a single distillation, namely, 
(a) benzines (boiling-point 150° C.), (b) lighting oil (boiling-point 
150°-^00° C.); at a temperature of 300° G. the distillation is 
stopped so that (c) the residuum*bOiling above 300° C. femains. 
Distillation is effected (in America)* in large stills, in which 
periodically benzine and lighting effl up to 300* C. is distilled and 
the residuur-\ run off. In Baku continuously working batteries 
of so-callcii cyliiltlrical boilers are used, into which the crude 
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oiUstrcams, In the first set of boilers, the temiperatnrc! in 
which rises to 150” 0., the benzine is distilled off, and in the 
auccecdisig ones, heated to 300” C,, the illuminating petroleum 
oils'(kerosine), the residuum flowing continually away. 

The mineral oil residnen arc used as fuel. Heating by 
this means, tried first only in Rus.sia, is spreading, esjreoially 
for the heating of boilers, in w'hich case the licpiid fuel is 
blown in generally as a spray. The combustion if rightly 
planned is economical and almost sniokele.ss. 

I’he American oil residuum, rich in paraffin, is distilled, the 
distillate is cooled and separated by ])ressurc into solid paraffin 
and liquid oil. The latter and the Russian mineral oil residues 
which are free from paraffin are widely used as lubricants. 
In the production of lubricants the residues are distilled at 
low temperature (in vacuo or by aid of superheated steam) and 
separated vrto various qualities by fnictional cooling, are then 
purified with sulphuric acid, and finally wa.shed with cau.stic 
soda solution. 

In the preparation of vaseline the residum is not distilled, 
but purified only with fuming sulphuric acid and decolouri.sed 
with animal charcoal. 

The iltuminaiing oil is next subjected to a purifying process 
(refining); it is first treated with sulphuric acid and well 
agitated by means of compressed air. The acid laden with the 
impurities is drawn off below, and the oil freed from acid by 
washing first with caustic soda and sub.sequently with -water. 
It is then bleached in the sun. For specially fine and high 
flash point petroleum the oil undergoes a further distillation 
and purification with acid. 

The fractions of crude petroleum with low boiling-point 
(under 160° C.) are known commercially as raw benzine or 
petrol naphtha. It is used for cleaning, in extraction of fats 
and oils, and for benzine motors. 

Frequently raw- benzine is subjected to a purifying process 
and to fractional distillation. Purification is carried out by 
means 6f sulphuric acid "and soda liquor and subsequent 
separation into three fractions and a residue which remains^ in 
the retott—(a) petroleum etMr (called gasoline, canadol, and 
rhigoline), which comes over between 40° arid 70° Q., and serves 
for oarburettihg water gas and other similar gases, as a solvent 
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for resin, oil, rubber, &c.; (6) purified benzine {70°-120° CJ) is 
used as motor spirit and in chemical cleaning; (c) Jigroine 
(120°~136° C.), used for illuminating purposes ; and [d] the 
residual oil (above 135“ C.) serves for cleaning machinery fcnd, 
especially, as » solvent for lubricating oil, and instead of 
turpentine in the production of lacquers, varnishes, and oil 
colours. • 

In chemical* cleaning v orks benzine is used in closed-in 
washing apparatu.s, after wliich the clothes are centrifugalised 
and dried. In view of the risk of fire in those manipulations, 
originating mainly from frictional electricity, various sub¬ 
stances are recommended to be added to the benzine, of which 
the best known is that recommende'l by Richter, consisting of 
a watery solution of oleatc of sodium or magnesium. 

Effect.s on flJSALTU.—Industrial poisoning in the petro¬ 
leum industry is attributable to the gases givuic off from 
crude petioloum or its products and to inhalation of naphtha 
dust. r<u.soning occurs principally in the recovery of petro¬ 
leum and naphtha from the wells, in storage and tran.sport (in 
badly ventilated tanks on board ship, and in entering petro¬ 
leum tanks), in the refinery in cleaning out petroleum stills 
and^nvving vessels, and in emptying out the residues^ Further 
cases occur occasionally from u.se of benzine in chemical 
cleaning. 

In addition to poisoning the injuriou.s effect of petroleum 
and its constituents on the skin must bo borne in mind. 
Opinion is,unanimous that this injurious action of mineral oil 
is limited to the petroleum fractions with high boiling-point 
and especially potroloum residues. 

fc)tiitistic,s ifficially collected in .Prussia show the general 
health of ])elioleum workers to be favourable. These statistics 
related to 1380 persons, of whom forty-three were suffering 
from symptoms attributable to their occupation. Of these 
forty-three, nine only were cases of poisoning, the remainder 
bein^all cases of petroleum acne. 

The conditions also in Fre»ch refineries from statistics 
collected in the years 1890-1903 Seem satisfactory. Eighteen 
cases 01 petroleum acne were repofteef, eleven*of which ftccurred 
at the paraljn presses, five in cleaning out the still residues, 
and two vv'ftre pdtsons filling vessels. 
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'The conditions are clearly less favourable in the Russian 
petroleym industry.^ 

The ..Workers at the naphtha wells suffer from acute and 
chronic affections of the respiratory organs. Those suffer 
most who cover the wells with cast iron plates to enable the 
flow of naphtha to be regulated and led into the reservoirs. 

In doing this they inhale naphtha spray. " 

Lewin ^ describc.s cases of severe poisoningowith fatal issue 
among American workens employed in petroleum tanks. One 
man who wished to examine an outlet pipe showed symptoms 
after only two minutes. Weinberger describes .severe poisoning ' 
of two workers engaged in cleaning out a vessel containing 
petroleum residue. 

Interesting particulars arc given of the effect of petroleum 
emanations on the health of the men employed in the petroleum 
mines of Carpathia, among whom respiratory affections were 
rarely found, but poisoning symptoms involving unconscious¬ 
ness and cerebral symptoms frequently. These experiences 
undoubtedly point to differing physiological effects of different 
kinds of naphtha. 

This is supported by the view expres.sed by Sharp in 
America 'that different kinds of American petroleum 'have 
different effeets on the health of the workers, wffiich can be 
easily credited from the different chemical composition of crude 
naphthas. Thus in Western Virginia, where a natural heavy 
oil is obtained, asphyxia from the gas is unknown, although 
transient attacks of headache and giddiness may occur, whereas in 
Ohio, where light oils are obtained, suffocative attacks are not 
infrequent. An& it is definitely stated that some naphtha 
products irritate the respiratory passages, while others affect 
the central nervous system.'^ 

The authors mentioned refer to occurrence of casfes of 
poisoning in the refining of naphtha from inhalation of the 
vapour of the light oils benzine and gasoline. Fatal cases have 
been recorded in badly ventilated workrooms in whish the 
products of distillation ftra collected. Workers constantly 
employed in these rooms develop chronic poisoning, wliich 
is reported als6 in the*case of women employed w'ith 
benzine. Intoxic^ion is frequently observed,fit is stated, 
among, the Workmen employed in cleaning out "the railway 
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tank waggons in which the mineral oils and .petroleum ^re 
carried. , ^ 

Foulerton '■ describes severe poisoning in a work^jan who 
had climbed into a petroleum reservoir, and two similar cases 
from entering nuphtha tanks are given in the Report of the 
Chief inspector of Factories for 1008. Two fatal cases are 
reported by the. Union of Chemical Industry in Germany in 
1005 in conneciiion with naphtha stills. Such accidents are 
hardly possible, except when, through insufhcieiit disconnection 
of the still from the further system of pipes, irrespirable 
distillation gases pass backwards into the opened still where 
persons are working. Ordinary cocks and valves, therefore, do 
not allord sufficient security. Thus several workers engaged 
in repairing a still wore rendered unconscious by gases drawn 
in from a neighbouring still, and wore only brought round after 
oxygen inhalation. « 

Gowers describes a case of chronic poisoning following on 
frequent inhalation of gases given off from a petroleum motor, 
the sympto.nis being slurringspeeoh,difficulty of swallowing,and 
weakness of the orbicularis and facial muscles. Gowers believed 
this to be petroleum gas poisoning (from incomplete com- 
bustfbi^, especially as the symptoms disappeared on^iving up 
the woi iv, only to return on resuming it again.'' 

Girls employed in glove cleaning and rubber factories are 
described as having been poisoned by benzine.'* Poisoning 
of chauffeurs is described by several writers." 

Recent Jiterature ** rends to show marked increase in the 
number of cases of poisoning from greater demand for benzine 
as a motive power for vehicles. Such cases have been 
observed iri aui-omobile factories, anjl are attributable to the 
hydrocarbons of low boiling-point which are present as 
impifrities in benzine. 

A worker in a paraffin factory had entered an open benzine 
still to scrape the walls free of crusts containing benzine. He 
was found unconscious and died some hours later. It appeared 
that he had been in the still several Iwurs, having probably been 
overcome to sucti an extent by ttie *fumes as to be unable 
to effecL his escape. • * • • 

Attempt ^0 wipe up benzine spilt in the.storage cellar of a, 
large chemieal clebning works resulted in poisonifig. 
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'A night worker in a bone extracting works having turned 
on the,, steam, instead of watching the process fell asleep on a 
bench. ,‘In consequence the apparatus became so hot that the 
solder of a stop valve melted, allowing fumes to escape. The 
man was found dead in the morning. In a. carpet cleaning 
establishment three workers lost consciousness and wert^ found 
senseless on the floor., They recovered on inhalation of oxygen. 

One further case reported from the instances of benzine 
poisoning collected recently •* is worth quoting. A worker in a 
chemical factory was put to clean a still capable of distilling 
2500 litres of benzine. It contained remains of a previous 
filling. As soon as he had entered the narrow opening he 
became affected and fell into the benzine ; he was carried 
unconscious to the ho.spital, his symptoms being vomiting, 
spastic contraction of the extremities, cyanosis, weak pulse, 
and loss otfeflcxes, which disa])pcarcd an hour and a half later. 

'I'he occurrence of skin affections in the naphtha industry 
has been noted by several observers, e.spccially among those 
employed on the unpurified mineral oils. Eruptions on the 
skin from pressing out the paraffin and papillomata (warty 
growths) in workers cleaning out the stills arc referred to by 
many writers,^*'Ogston in particular. ,, • 

Recent literature refers to the occurrence of petroleum 
eczema in a firebrick and cement factory. The workers 
affected had to remove the bricks from moulds on to which 
petroleum oil dropped. An eczematous condition was pro¬ 
duced on the inner surface of the hands, necessitating absten¬ 
tion from work. The pustular eczema in those employed only 
a short time in Jsressing paraffin in the refineries of naphtha 
factories is referred to as a frequent occurrence. Practically 
all the workers in three refineries in the district of 
Czernowitz were affected. The view that it is due to 
insufficient care in washing is supported by the report of the 
factory inspector in Rouen, that with greater attention in this 
matter on the part of the workers marked diminution, in its 
occurrence followed. 

SpLPHUB 

Recovery and UsE.—Sulphur, which is foujjd principally 
in Sicily (alSo in Spain, .America, and Japan), is obtained by 
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tank waggons in which the mineral oils and .petroleum ^re 
carried. , ^ 

Foulerton '■ describes severe poisoning in a work^jan who 
had climbed into a petroleum reservoir, and two similar cases 
from entering nuphtha tanks are given in the Report of the 
Chief inspector of Factories for 1008. Two fatal cases are 
reported by the. Union of Chemical Industry in Germany in 
1005 in conneciiion with naphtha stills. Such accidents are 
hardly possible, except when, through insufhcieiit disconnection 
of the still from the further system of pipes, irrespirable 
distillation gases pass backwards into the opened still where 
persons are working. Ordinary cocks and valves, therefore, do 
not allord sufficient security. Thus several workers engaged 
in repairing a still wore rendered unconscious by gases drawn 
in from a neighbouring still, and wore only brought round after 
oxygen inhalation. « 

Gowers describes a case of chronic poisoning following on 
frequent inhalation of gases given off from a petroleum motor, 
the sympto.nis being slurringspeeoh,difficulty of swallowing,and 
weakness of the orbicularis and facial muscles. Gowers believed 
this to be petroleum gas poisoning (from incomplete com- 
bustfbi^, especially as the symptoms disappeared on^iving up 
the woi iv, only to return on resuming it again.'' 

Girls employed in glove cleaning and rubber factories are 
described as having been poisoned by benzine.'* Poisoning 
of chauffeurs is described by several writers." 

Recent Jiterature ** rends to show marked increase in the 
number of cases of poisoning from greater demand for benzine 
as a motive power for vehicles. Such cases have been 
observed iri aui-omobile factories, anjl are attributable to the 
hydrocarbons of low boiling-point which are present as 
impifrities in benzine. 

A worker in a paraffin factory had entered an open benzine 
still to scrape the walls free of crusts containing benzine. He 
was found unconscious and died some hours later. It appeared 
that he had been in the still several Iwurs, having probably been 
overcome to sucti an extent by ttie *fumes as to be unable 
to effecr his escape. 

Attempt ^0 wipe up benzine spilt in the.storage cellar of p 
large chemieal clebning works resulted in poisonifig. 
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connected with organic sulphur-containing matter such as glue 
mak’n^, bone stores, storage of green hides, in the deoom- 
jjosition of waste water in sugar manufacture and brewing, 
ih the retting of flax, and especially in sew'ers and middens. 

Both acAUe and chronic poisoning arc dcstribed. 

The following case is reported by the Union of 'ihemioal 
Industry in 1907 : Three plumbers who were employed on the 
night shift in a chemical factory and had -gone to sleep in a 
workroom were found in a dying condition tw'o hours later. 
In the factory barium sulphide solution in a series of large 
saturating vessels w^as being converted into barium carbonate 
by forcing in carbonic acid gas ; the sulphuretted hydrogen 
gas evolved was collected in a gasometer, burnt, and utilised 
for manufacture of sulj)huric acid. In the saturating vessels 
w'erc test cocks, the smell from which enabled the workers to 
know whether all the sulphuretted hydrogen gas had been 
driven out. If this was so the contents of the retort were 
driven by means of carbonic acid gas into a subsidiary vessel, 
and the vessel again filled with barium sulphide liquor. From 
these intermediate vessels the baryta was pumped into filter 
presses, the last remains of sulphuretted hytlrogen gas being 
carried'away by a fan into a ventilating shaft. The (Subsidiary 
vessel and ventilating shaft were situated in front of the 
windows of the repairing shop. On the night in question a 
worker had thoughtlessly driven the contents out of one 
saturating vessel before the sulphuretted hydrogen gas had 
been completely removed, and the driving bqlt of the fan 
was broken. Consequently, the sulphuretted hydrogen gas 
escaping from the subsidiary vessel entered through the 
windows of the workshop and collected over the floor where 
the victims of the unusual combination of circumstances slept. 

In another chemical works tw'o workers suffered from 
severe poisoning in the barium chloride department. The 
plant consisted of a closed vat which, in addition to the 
openings for admitting the barium sulphide liquor tand sul- 
phufic acid, had a duev with steam injector connected with 
the chimney for taking ^way the sulphuretted hydrogen gas. 
Owing to a breakdown^ the plant was at a standstill, as a 
result of which the ventilating duct became (blocked by ice. 
Wh^n the plant was set in motion agtfin the sulphuretted 
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hydrogen gas escaped through the sulphuric acid opening. 
One of the workers affected remained for two days «Acon- 
scious.' • 

Tire report of the Union of Chemical Industry for 1906 
cites a.ijase where an agitating vessel, in which, by action 
of acidpn caustic liquor, sulphuretted hydrogen gas was given 
off and drawn away by a fan, had to be .stopped to repair one of 
the paddles. The*flow of acid and liquor was stopped, and the 
cover half removed. The deposit which had been precipitated 
had 10 be got rid of next in order to liberate the agitator. The 
\ippcr portion of the ve,ssel wa,s washed out with water, and 
since no further evolution of sulphuretted hydrogen was 
passible from any manufacturing process, the work of removing 
the deposit was proeceded wiili. After several bucketfuls had 
been emptied the man inside became unconscious and died. 
The casualty was no doubt due to small nests of fr^ caustic 
and acid which the spading brought into contact and subse- 
ouent dcvelopcment of sulphuretted hydrogen afresh. A case 
i.s reported of sulphuretted hydrogen poisoning in a man 
attending to ( he drains in a factory tanning leather by a quick 
process^. Here, when sulphurous acid acts on sodium .sv.lphide, 
sulphureMed hydrogen is given off. In cleaning out a trap 
close to the discharge outlet of a tannery tw'o persons were 
rendered unconscious, and the presence of sulphuretted hydro¬ 
gen was show'n by the blackening of the white lead paint 
on a house opposite and by the odour." 

In the pK'paration of a?nraonium salts Eulonberg'^ cites 
several cases where the workers fell as thouglt? struck down, 
although the processes were carried on in the open air. They 
quickly recovered when removed from'thc spot. 

Oliver cites the case where, in excavating soil for a dock, 
four men succumbed hi six weeks; the water contained 12 vols. 
per cent, of sulphuretted hydrogen. 

Not unfrequently acute poisoning symptoms result to 
sewer m6n. Probably sulphuretted hydrogen gas is not wholly 
respoijsible for them, nor for the chrqnic^ymptoms complained 
of by such w'orkers (inflammation'of ^ictconjungtiva, bronchial 
catarrh, pallor, depression). > 

In the distiilatiqn processes connected with tke paraffin 
industry fatalilies have been reported. 
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CARBON BISULPHIDE 

A 

Manufacture. —Carbon bisulphide is prepared by passing 
sulphur vapour over pure coal brought to a red heat in cast- 
iron retorts into which pieces of suljjhur art; introduced. The 
crude carbon bisulphide requires purification from sulphur, 
sulphuretted hydrftgen, and volatile organic sillphur com¬ 
pounds by washing with lime water and subsequent distillation. 

Use i.s made of it principally in the extraction of fat and 
oil from bones and oleaginoas .seeds (coooanut, olives, &c.), 
for vulcanising, and as a solvent of rubber. It is used als6 , 
to extract sulphur from gas purifying material and for the 
preparation of various chemical substances (ammonium 
sul])hooyanide, &o.), as well as for the destruction of pests 
(phylloxera and rats). 

Fat Viid oil are extracted from seeds, bone.s, &c., by carbon 
bisulphide, benzine, or ether, and, to avoid evaporation, the 
vessels arc as airtight as po.ssible and arranged, as a rule, for 
continuous working. 

Vulcanisation is the rendering of rubber permanently 
elastic^by its combination with sulphur. It is effected by 
means of chloride of sulphur, sulphide of bariun^, dalcium, 
or antimony, and other sulphur-containing compounds, heat 
and pressure, or by a cold method consisting in the dipping 
of the formed objects in a mixture of carbon bisulphide 
and chloride of sulphur. The process of manufacture is 
briefly as follows : The raw material is first softened and 
washed by hqt water and kneading in rolls. The washed 
and dried rubber is then mixed on callender rolls with various 
ingredients, such as anc white, chalk, white lead, litharge, 
cinnabar, graphite, rubber .substitutes (prepared by boiling 
vegetable oils, to which sulphur has been added, with Chloride 
of sulphur). In vulcanising by aid of heat the necessary 
sulphur or sulphur compound is added. Vulcanisation with 
sulpjiur alone is only possible with aid of steam and mechani¬ 
cal pre.s8ure in varioys'ktnds of apparatus according to the 
nature of the articlq produced. In the cold vulcanisation 
process the previously, shaped articles are dipped for a few 
seconds or minutes in the mixture of carbon* bisulphide and 
chloride, of pulphur and subsequently dried ill warm air ae 
qbickly as possible. 
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In view of the poisonous nature of carbop bisulphide, 
benzine is much used now. In the cold method use of ehjoride 
of sulphur in benzine can replace it altogether. *, 

Instead of benzine other solvents are available—chloride 
substitution prodaots of methane (diohlormethane, carbon 
tetrachloride). In other proce,sses rubber solvents are largely 
used, lor instance, acetone, oil of tinpentinc, petroleum 
benzine, ether, an{i benzene. Rubber solutions are used for 
waterproofing cloth and other materials. 

Similar to the preparation and use of rubber is that of 
, -guttapercha. But vulcanisation is easier by the lead and 
zinc thiosulphate process than by the methods used in the 
case of rubber. 

Effects on Heai.th of C'Sj and Other Dangers to 
Health in the Rithbeb Industry. —In the manufacture of 
caiboii bisulphide little or no danger is run either^o health 
or from fire. 

In the I'ubber trade the poisonous nature of benzine and 
c/doride of svlphur have to be borne in mind, and also the 
considerable risk of lead poisoniwj in mixing. Cases of plum- 
bism, especially in earlier years, are referred to.i 

Beitzine poisoning plays only a secondary part in tlid^ruober 
industry. No severe oases are recorded, only slight cases 
■ following an inhalation of fumes. 

Cases of poisoning are recorded in a motor tyre factory 
in Upsala. Nine women were affected, of whom four died. 
Whether these cases were due to benzene or petroleum 
benzine is not stated. It is remarkable that two such very 
different substances as benzene and benzine should be so easily 
confused. 

But that in I he rubber industry cases of benzene poisoning 
do actually occur is nroved by the following recent cases : 
Rubber dissolved in benzol was being laid on a spreading 
machine in the usual w'ay. Of three men employed one was 
rendered unconscious and died.^ 

In a rubber recovery process a w^iricer was rendered uiicon- 
scious’aftei- entering a benzol still, also !wo others who sought 
to rescue him. Only one wa.s save# 

Cases of anjline poisoning are reported \jhere aniline is 
used for extracting rubber.^ 

Chloride of sulphur, by reason of its pro|ieriies auu 1410 
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feadiness with which it decomposes (see Chloride of Sulphur), 
causps annoyance to rubber workers, but rarely poisoning. 

Milch importance attaches to chronic carbon bisulphide 
poisoning in the rubber industry. Many scientists have 
experimented as to its poisonous nature (sae especially on this 
Part IT, p. 194). 

Lehmann’s^ experiments show that a proportion‘of 0‘5- 
0'7 mg. of eSj per litre of air causes hardly any symptoms ; 
1 ’0-1'2 mg. .slight effects which become more marked on 
continued exposure; I'S mg. produces severe symptoms. 
About I’O mg. per litre of air is the amount which may set up , 
chronic effects. In vulcanising rooms tliis limit may easily be 
exceeded unless special j)revcntive measures are adopted. 

Laudenheiraer •’ has made several analyse.^ of the proportion 
of CSj in workrooms. Thus 0'9-l-8 mg. per litre of air wore 
found in,a room >vhere ])outTies w'ore vuk;anised ; ()'.'5-2'4 mg. 
were aspirated one-half metro distant from the dipping ves.sels ; 
and 0’18-0'27 mg. in the room for making ‘ baby comforters.’ 

In analyses made some years ago proportions of 2-y-5'0 mg. 
wore obtained. 

Although literature contains many references to CS, 
poisonftig, too much importance ought not to bo attaehed to 
them now in view of the arrangements in modern well-equipped 
vulcanising premises. Laudenheirner has collected particulars 
of 31 cases of brain, and 19 of nervous, diseases among 219 
persons c;oming into contact with CS^ between 1874 and 
1908, all of whom had been medically attended. In the last 
ten years, however, the p.sychical symptoms were seven times 
less thanin the*preceding period. Betw'een 1896 and 1898 the 
average proportion of brain disease in the vulcanising depart¬ 
ment was l'9u per cent., and of nervous diseases 0'22 per 
cent., as compared with 0'92 per cent, and 0’03 per cent, in 
the textile. Moreover, ho maintains that practically all 
workers who come at all into contact with CS^ must be to 
some extent affected injuriously by it. ^ 

Studies on the injurkt;s nature of GS.^ date from the years 
1851-60, when the FJenah writers Pazen, Duchenne,‘Beau- 
granfi, Piorry, &c., caAe •cross cases from the Parkes’ process 
(cold vulcanisation by ‘means of OS, and Spl^). Delpech T 
publjshed In 1860 and 1863 details of twenty-four severe cases 
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in rubber workers, some of which were fatal, and at the same 
time described the pitiable conditions under which the work 
was carried on. 

In Germany Hermann, Hirt and Lewin, and Eulenberg ' 
dealt with the subject, but their work is more theoretical in 
cliaracW; and in Laudenlieimcr’s work referred to the 
histories of. several cases are given in detail. 

Mention sliould be made of the injury caused to the skin 
by the fluids used in extraction of fat and in vulcanising— 
esjjeoiallj' by benzine and carbon bisulphide. Perrin con- 
•sidens the effect due partly to the withdrawal of heat and 
parlly to the solvent action on the natural grease, producing 
an unpleasant feeling of dryness and contraction of the skin. 


ILLUMINATING GAS 

Illuminating gas is obtained by the dry distillation of coal. 
'I’he products of distillation are subjected on the gasworks to 
several purifving prooo.s.ses, such as condensation in coolers, 
moist and dry purifying, from which valuable bye-products 
(such as tar, ammonia, cyanogen compounds) are obtained. 
The purified gas is stored in gas holders containingj on an 
average 4*' per cent, hydrogen, 34 per cent, methane, 8 per cent, 
carbonic oxide, 1 per cent, carbon dioxide, 4 per cent, nitrogen, 
and about 4 per cent, of the heavy hydrocarbons (ethylene, 
benzene vapour, acetylene, and their homologues) to which the 
illuminatir g properties are almost exclusively due. 

The most important stages in its preparation will be shortly 
described. DistillaUon is effected in cylindrical, usually hori¬ 
zontal, fii'eclay retorts placed in a group or setting (fig. 11 ), 
which formerly were heated by coke* but in modern works 
always, by gas. Charging with coal and removal of the coke 
takes place about every four hours, often by means of 
mechanical contrivances. 

Iron pipes conduct the products of distillation to the 
hydraulic main. This is a long coveged channel extendiijg the 
entirw length of the stack and receiving the gas and distillate 
from each retort. In it the great*: part of ^he tar and of 
the ammoniacal water condense and collect under the water 
which is kept jii the.main to act as n seal to the ends of the dip 
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pipes, to preyent the gas from passing back into the retort 
when,the latter is opened. While the liqpid flows from the 
hydraqiic main into cisterns, the gas passes into coolers or 
condensers, tall iron cylinders, in which, as the result of air 
and water cooling, further portions of the tac and ammoniacal 
liquor are condensed. To free it still more from particles 
of tar the ga.s passes, through the tar separatot. 

The tar which remains behind flows thropgh a tube to the 
cistern. From the tar separator the gas goes through scrulhers 



Flo. n.—Maiuifiicquc' of Illuminating ClaB. Horizontal fireclay retorts placeil in 
a sotting and heated by gas {after Osl) 


(fig. 12), where tlie gas is washed free of ammonia and part of 
the sulphuretted hydrogen and carbon dioxide with Vater. 
The scioibbers are tower-like vessels filled with coke or charcoal 
through which the gas passe.s from below upwards, encountering 
a spray of water. Several scrubbers in series are usedjc so that 
the whter constantly beedmes richer in ammonia. Mechanical 
scrubbers are much used, sb-called standard washers ; they are 
rotating, horizdhtal cyiinfiers having several chambers filled 
with staves of wpod half dipping in water. Intthem the same 
principle of making the gas meet an opposing stream of water 
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is employed, so that the last traces of ammonia are removed 
from the gas. , 

The various purifying apparatus through which th^gas has 
to pass cause considerable resistance to its flow. Escape* in 
various ways woald occur had the gas to overcome it by its own 
pressul'c, and too long contact of the gas with the hot walls 
of thh retorts would bo detrimental. Hence an exhauster is 
applied to the system ■which keeps the pressure to the right 
proportion in the retorts and drives on the gas. 

After purification in the scrubbers dry purificalion follows, 



Fic. 12.—Washer or Scrubber 


having for i^s object especially removal of compounds of sulphur 
and cyanogen and carbon dioxide. To effect this several 
shallow recept. teles are used, each having a false bottom 
upon which the purifying material is’ spread out. The boxes 
are so arranged that the gas first passes through purifying 
material which is almost saturated and finally through fresh 
material, so that the material becomes richer in sulphur and 
cyanogen compounds. The gas purifying material formerly 
used was slaked lime, and it is stjjlofrequently used, birt more 
gen&’ally hog iron ore or artificially prepared mixtures are used 
consisting mostly of oxide of iroi* ’The salMrated pifrifying 
material is regenerated by oxidation’on spreading it out in the 
air and turning it frequently. After having been \.liu8 treated 
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soifle ten times the mass contains 50 per cent, sulphur, and 


13 to 14 per cent, ferrocyanide. , 

The Naphthalene in illuminating gas does not separate in 
the" condenser, and therefore is generally tre.atcd in special 



apparatus by*\vashing the gas 
with heavy coal tar. 

The gas purified, as’ has 
been described,, is measured by 
a meter and stored in gasn- 
meter.s. These are bells made 
up of sheet iron which hang 
down into walled receptacles 
filled with water to act as a 
ivater seal, and arc raised by 
the pressure of the gas which 
streams into them. The gas 
passes to the network of 
mains by pressure of the 
weight of the gasometer, after 
having passed through a pres¬ 
sure regulating apjiaratus. 

As to recovery of bye'pro- 
ducts in the illuminating gas 
industry, see the sections on 
Ammonia, Cyanogen Com¬ 
pounds, Tar, Benzene, &c. 

Effect on Health.— 
Opinions differ as to the effect 
on health which employment 
in gas works exerts. This is 
true of old as well as of modern 
literature. 

Hirt • maintains that gas 
workers suffer no increase in 
iOnesB because of their eqiploy. 
ment. They roach, he says, a 


relatively high age and'thodr mortality he puts down at ffom 


0'5 to ? per cent. <ray owfi observations make me conclude that 
the average mortality among persons insured in ^ick societies 
in Bohemia fs 1 per cent., so that Hirt’s figure is not high). 
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Layet ^ agreed with Hirt, but Avas of opinion that gas 
workers suffered ^rom anaemia and gastro-intestinal syjjiptoms 
attributable to inhalation of injurious gases. Th^ sudden 
symptoms of intoxication, ‘ exhaustion and sinking suddaily 
into a comatose condition,’ which he attributes to the effect of 
hydro'carbons and sulphuretted hydrogen gas, may well have 
been’tlie symptoms of carbonic oxide poisoning. 

Goldsclimidtin recent literature considers manufacture 
of illuminating gas by no means dangerous or unhealthy, and 
■speaks of no specific maladies as having been observed by him. 
Nevertheless, he admits with Layet that the men employed 
in tlie condensing and purifying processes are constantly in an 
atmosphere contaminated by gas, and that the cleaning and 
regeneration of the purifying mass is associateii with inflam¬ 
mation of the eyes, violent catarrh, and inflammation of the 
res])iratory passages, since, on contact of the purifying mass 
with the air, hydrocyanic acid gas, sulphocyanic acid gas, 
and fumes containing carbolic, butyric, and valerianic acids 
are genera+ed. 

Other writersrefer to the injurious effects from mani¬ 
pulating the purifying material. In general, though, they 
accept the view, without however producing any figures, 
that work in gas works is unattended with serious injury' 
to hcaltli and that poisonings, especially from carbonic oxide, 
are rare. iSucli cases are described," but the authors are not 
quite at one as to tlie lioalthiness or otherwise of the industry. 
The one opinion is based on study of the sick club reports for 
several years of a large gas works employing some 2400 workers 
(probably Vienna).'' The average frequency of sickness 
(sickness percentage), excluding accidents, was 48’7 per cent. 
The conclusion is drawn that the health conditions of gas 
workers is favourable. It is pointed out, however, that 
diseases of the respiratory and digestive organs (12'8 and 10‘16 
per cent, of the persons employed) are relatively high, and 
that ^e mortality (1‘56 per cent.) of gas-workers is higher 
than that of other workers. Thij is attributed to the constant 
inhalation of air charged with injuribus gases. Work at the 
retorts, coke quenching, and attending to the purifying plant 
are considered especially unhealthy. 

The otiier figures relate to the Magefebur^ gas works; 
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th6y are higher, than those quoted. The morbidity of the gas 
workers was found to be 68-5 per cent., of w,hich 18 per cent, 
was duo. to disease of the digestive system, 20’5 per cent, to 
dis'ease of the respiratory organs, and 1 per cent, to poisoning. 
No details of the cases of poisoning are given." Garbonic oxide 
poisoning is said to be not infrequent, the injurious Effect 
of cleaning the purifiers is referred to, and poisoning by in¬ 
halation of ammonia is reported as possible. 

Still, no very unfavourable opinion is drawn as to the 
nature of the work. The sickness frequency in sick clubs is 
about SO per cent., and even in well-managed chemical works 
Leymann has shown it to be from 65 to 80 per cent. The 
recently published elaborate statistics of sickness and mortality 
of the Leipzig local sickness clubs ' contain the following 
figures for gas workers : Among 8028 gas workers there were 
on an average yearly 2046 cases of sickness, twenty deaths, 
and four oases of poisoning. The total morbidity, therefore, 
was 67'57 j)er cent., mortality 0-66 per cent., and the morbidity 
from poisoning O'18 per cent. Diseases of the respiratory 
tract equalled 10-68 per cent., of the digestive tract 10-87 
per cent., of the muscular system 13'10 per cent., and from 
rheumatiSm 11-10 per cent. These figures, therefore, arc not 
abnormally high and the poisoning is very low. 

Still, industrial oases of poisoning in gas works are recorded. 
Of these the most important will be mentioned. iSix persons 
were employed in a sub-station in introdueing a new sliding 
shutter into a gas main, with the object of deviating the gas for 
the filling of balloons. A regulating valve broke, and the gas 
escaped from a pipe 40 cm. in diameter. Five of the men 
were rendered unconscious, and resuscitation by means of 
oxygen inhalation failed in one case. In repairing the damage 
done two other cases occurred.^ In emptying a purifier a 
worker was killed from failure to shut off the valve. 

Besides poisoning from illuminating gas, industrial poisoning 
in gas works is described attributable, in part at leagt, to 
ammonia. Thus the report of the factory inspectors of 
Prussia for 1904 narrates how a worker became unconsefous 
while superintending the kiiftnonia water well, fell in, and was 
drowned. 

A farther ea.se is described in the report oi the Union 
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of Chemical Industry for 1904. In the dcpaftmont for con¬ 
centrating the gas liquor the foreman and an assistant on the 
night shift were getting rid of the residues from a washer 
by means of hot water. The cover had been removed, but, 
eon^ry to insfruetions, the steam had not been shut off. 
Ammonia fumes rushed out and rendered both unconscious, 
in which condition there were found by the workmen coming 
in the morning.*' 

In the preparation of ammonium sulphate, probably in 
i.onsequonce of too much steam pressure, gas liquor was 
driven into the sulphurie acid receiver instead of ammonia gas. 
The receiver overflowed, and ammonia gas escaped in such 
quantity as to render unconscious ihe foreman and two men 
who went to his a,ssistance.'" 

The use of illuminating g.is in industrial premises can give 
rise to poisoning. Thus the women employe^in a scent 
factory, where so-called quick gas heaters were used, suffered 
from general gas poisoning." 

In Great Britain in 1907 sixteen eases of earbonic 
oxide poisoning from tise of gas in industrial premises were 
reported. 


COKE OVENS 

Coke i.s obtained partly as a residue in the retorts after 
the production of illuminating gas. Such gas coke is unsuit¬ 
able for metallurgical purposes, as in the blast furnaee. Far 
larger quantities of coal are subjected to diy^ distillation for 
metiilliirgical purposes in coke ovens than in gas works. Hence 
their erection close to blast furnaegs. In the older form of 
coke oven the bye products were lost. Those generally used 
now consist of olo.jcd chambers heated from the outside, and 
they can be divided into coke ovens which do, and those which 
do not, recover the bye-products. These are the same as 
those ‘which have been considered under manufaeture of 
illujninating-g.is—tar, ammonia, bCnzene and its homdlogues, 
cyanogen, ifec. In the coke ovenS in which the bj^e-products 
are not recovered the gases a^d tarry fapours escaping 
on coking pass into the heating flues,, whqfe, brought 
into contacl witb the air blast, thev burn and heln to 
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heat the oven, wliilo what is unused goes to the main chimney 
stack. I- , f 

In the modern distillation ovens with recovery of the bye- 
products the gases escaping from the coal arc led (air being 
cut off as completely as pos.sible) through asohnding pipe^nto 
the main collector, where they are cooled, and the tarry in¬ 
gredients as well as a part of the ammonia are absorbed by 
water ; subsequently the gases pass through washing apparatus 



Ftg. 1 i. —Distiljation Coko Ovon {(ifler Lueger) 

A, A' Coal to be coked; B, B'' Standpipes ; C Hydraulic main; D Condens. 
ing apparatus; E Purified gas: F, Y' Air inlets; G 0/ G" Conilustion 
chambers. 

with a view to as complete, a recovery of the ammonia and 
benzene as possible. The purified gases are now again led 
to the ovens and burnt, with access of air in the combustion 
chambers between two pvehs. Generally these ovens are so 
constructed as to act as non-recovery ovens also (especially in 
starting theiprocess). 

Th«; ooq t is .^.barged into the ovens through charge holes on 
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the top and brouglit to a level in the chambers.either by hand 
or meehanically. . Removal of the coke block after cojnpletion 
of the coking operation ia done by a shield attached to a fack and 
pinion jack. Afterwards the coke is quenched with water*. 

l^covery of the hye-products of coke distillation ovens is 
similar to the method described for illuminating gas, i.e. 
first *by condensation with aid of air ck water cooling, then 
direct ^vashing with water (generally in serubbers), whereby 
tar and ammonia water are recovered. Recovery of benzene 
ai.d its homologues (see Benzene later) depends on the fact 
' that the coke oven gases freed from taf and ammonia are 
brougiit into the clo.sest possible contact with the so-called 
wash oils, i.e. coaltar oils with high h ding-point (2,')0-300° 0.). 
For this purpose several washing towers arc employed. The 
waste oil enriched with benzene is recovered in stills inter¬ 
mittently or continuously and used again. ^ 

Effects on Health. —Injury to health from W'ork at coke 
ovens is similar to that in the manufacture of illuminating 
gas. Thera is the possibility of carbonic oxide poisoning from 
escape of gas from leakage in the apparatus. As further 
possible sources of danger ammonia, cyanogen and sulpho- 
cyanftg^ compounds, and benzene have to be borne m mind. 

In ihe distillation of the wash oil severe poisoning can 
arise, as in a case described, where two men were fatally 
poisoned in distilling tar with wash oil. 

The details of the case are not without interest. The 
poisoning (jpeurred in the lavatory. The gases had escaped 
from the drain through the ventilating shaft next to the closet. 
The gases came from distillation of the mixture of tar and 
wash oil, and .vere driven by mean^ of air pumps in such a 
way that normally the uncondensed gases made their way to the 
chimftey stack. On the day of the accident the pumps were 
out of use, andthegasos were driven by steam injectors into the 
drain. Analysis showed the gases to contain much sulphuretted 
hydrogen. YTien this was absorbed, a gas which could be 
condensed was obtained containing carbon bisulphide and 
hydrocarbons of unkno^vn comjmsition (? benzene). Only 
traces of cyanogen and sulpho-(^anogen tfompounds were 
present. Physiological experiment showeii thaj poisoning 
was attributable feainly tq sulphuretted hydrogen gag. but 
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that after this*was removed by absorption a further poisonous 
gas rcMiained. 

Other Kinds oi Power and niuminating Gas 


Producer gas or generator gas. —Manufaotu're of produpr^ gas 
consists in dealing separately with the generation of the gas 
and the combustion of the gases which 
arise. This is effected by admitting only 
so much air (primary air supply) to the 
fuel as is necessary to cause the gases to 
come off, and then admitting further air 
(secondary supply) at the point where 
the combustion is to take place ; this 
secondary supply and the gas formed in 
the gas producer are heated in regen¬ 
erators before combustion by bringing 
the gases to be burnt into contact with 
Siemens’s heaters, of wdiich there are 

Fig. 15. — Horizontal « m c ^ m i . ^ 

llcgonprativc (Irate (ny/rr Lwo OI tllCfeC JXFG tllwiiys IlC&t6(i 

Lueger) and servo to heat the producer gas and 

secondary air supply. 

A producer gas furnace, therefore, consists of a gas 
producer, a gas main leading to the 



furnace hearth, the heater, and the 
chimney. 

The gas producer is a combus¬ 
tion chamber filled with coal in 
which the coal, in the upper layer 
is burnt. Generators may have 
horizontal or sloping ,grate (see 
figs. 15 and 16). The Siemens’s 
heaters or regenerators are chambers 
built of, and filled loosely with, fire¬ 
clay bricks and arranged in couples. 
Should the gas producers become 



Fig. 16.~Step Regenerative 
Hrate {after I/ueger) 


too hot, instead of the chambers subdivided air heaters are 
used, ^w’hereby the hot furnace gases are brought into cdhtaet 


with a system of thin-'walled, gastight fireclay pipes, to 


which they„give up their heat, while the secondary air supply 
for the furnace is led beside these pipds and so becomes 
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heated indirectly. Previous heating of the prpducer gas is 
, here not necessary^ no valves are needed because the Ihree 
streams ot gas all pass in the same direction. * 

Such air heating arrangements are used for heating tlm 



l-'ie. 17A.-Siomun8’s Regonorative Fumaco 


L Ail-; G Gas 


Fresh 



Ria. 17b.— Siemens’s Regenerative Ftirnaoo 


-jiirnacQ 

•nZhraJ j “ 'kKr »S6' mny teohnic' 

“ P» S' c'f.r*"*”’-,,«“ 
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Blast furnace gas .—Blast furnace gas is formed under the 
samQ, conditions as have been described for generator gas ;. 
it contains more carbon dioxide (about 10 per cent,). (Further 
details are given in the section on Iron—Blast Furnaces.) 

Water gas .—Water gas is made by tlu; passage .steam 
through incandescent coal, according to the equation : 

C + H„0 =- GO + 2H. 

The iron gas producer, lined with firebrick, is filled with 
anthracite or coke and heated by blowing hot air through it. 
This causes producer gas to escape, after which steam is blown 
through, causing water gas to escape—containing hydrogen and 
carbonic oxide to the extent of 45-50 per cent., carbon 
dioxide and nitrogen 2-6 per cent., and a little methane. 

The blowing of hot air and steam is done alternately, and 
both kinds of gas are led away and collected separately, the 
water gas being previously purified in scrubbers, condensers, 
and purifiers. It serves for the production of high tempera¬ 
tures (in smelting of metals). Further, when carburetted and 
also when carefully jiurifiod in an uncarburetted state, it 
serves as an illuminant. The producer gas generated at the 
same time is used for heating purposes (generally for-heating 
boilers). 

Dawson gas .—Dowson gas is obtained by collecting and 
storing together tlie gases produced in the manner described 
for water gas. Under the grating of the wrought-iron gas 
producer (lined with firebrick and similarly filled with coke or 
anthracite) a mixture of air and steam, produced in a special 
small boiler, is blown through by means of a Korting’s 
injector. 

Before storage the gas is subjected to a purifying process 
similar to that in the case of water gas. The mixed gas 
consists of 1 vol. water gas and 2-3 vols. producer gas, with 
about 10-15 vols. per cent. H, 22-27 vols. per cent. CO, 
3-6 per cent. CO^, and 50-55 per cent. N. It is an fidmirable 
power gas for driving gaqjnotors (fig. 18). 

Mond gas similaAy is a mixed gas (btained by blowing 
muih superhoated ^team into coal at low temperature. 
Ammonia is produced at the same time. 

Suction gas.—In contradistinction to'^ the "Dowson syste^n, 
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in which air mixed with steam 
steam injector, in the suction 


is forced into the .producer by a 
gas plant the air and stpam are 



ai'Paratus iteelf. .The whole 
pparatus while in action is under slight negative prepare A 
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special steam boiler is unnecessary because the necessary steam 
IS got up in a water container surrounding, or connected with 
the coVer of the generator. The plant is set in motion by 
setting the fire in action by a fan. 

Pig. 10 shows a suction gas plant. B Is the fan. Above 
the generator A and at the lower part of the feed liopper is an 



Fjo. 19.-^yuction Gas Plant {after Meyer) 


annular vessel for generating steam, over the surface of which 
air IS drawn across from the pipe e, passing then through the 
pipe^f into the ash box g, and then through the inciyidescent 
fuel." The gas producedi k purified in the scrubber D, and 
passes then through a pipe to the purifier containing 8d\vdust 
and to the inotOr. ‘ 

Carburf.tted gas.—Gas intended for illuminating purposes is 
ca,rburetted to increase its illuminating ‘power, i.e. enriched 
wth heavy hydrocarbons. Carburetting is effected either by a, 
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hot mothod—adding the gases distilled from mineral or other 
oils—or by a cold method—allowing the gas to come iatt) con¬ 
tact with cold benzol or benzine. Coal gas as well as water gas 
is subjected to the^carburetting process, but it has not the same 
impoAance now in relation to illuminating power, as reliance 
is moij? and more being placed on the use of mantles. 

ACETYLENE 

Calcium car&wfe.—Acetylene is prepared from calcium 
‘carbide, whicih on contact with water gives off acetylene. 

Cnkium carhide is prepared elcctro-chemically. A mixture 
of burnt lime and coke is ground anJ melted up together at 
very high teinperature in an electric furnace, in doing which 
there is oonsid('rable disengageinent of carbonic oxide according 
to the ciiuation : 

CaO + 3C CaC, + CO. 

The furnaces used in the production of calcium carbide are of 
different (instruction. Generally the furnace is of the nature 
of an electric arc, and is arranged cither as a cruciole furnace for 
intermittent work or like a blast furnace for continuous work. 

Bosi(ics these there are resistance furnaces in which the heat 
is created by the resistance offered to the passage of the current 
by the molten calcium carbide. 

The carbonic oxide, given off in the process causes 
difficulty In many furnaces it is burnt and so utilised for 
heating purposes. The calcium carbide produced contains 
as impurities silicon carbide, ferro-silicon, calcium sulphide, 
and cak ium phosphide. , 

Acetylene formed by the decomposition of calcium 

carbide by means of water (CaCj + 2 H 3 O = CajOH)^ + 
furnishes when pure an illuminating gas of great brilliancy and 
whiteness. Its production is relatively easy. Used for the 
purposes are ( 1 ) apparatus in which water is made to drop on 
the carbide, ( 2 ) apparatus in which»ffhc^carbide dips into‘water 
and IS removed automatically on generation of the g%s, (3) 
apparatus in which the carbide is completely immersed in 
water, and (4)oapparatus in which the carbide in Jiiny lumps 
is thrown on t(5 wate’r. These are diagrammatically rej)res<mted 
in figs. 20 a to 20d. 
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Ihe most important impurities of acetylene are ammonia, 
sulphuretted hydrogen gas, and phosphoretted hydrogen. 
Before use, therefore, it is subjected to purification in various 



F:r,. 20c. Fio. oOd. 

Acetylene Apparatus—diagrammatic (i7//er Lu^tifcr) 

C A Dripping; B Uippyjg ; C Submerging; D Throwing in 


ways. In Wolfes method*the gas is passed through a washer 
(with the ^objec; of removing ammonia and sulphuretted 
hydrogen gas) and a purifying material consisting of chloride 
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of lime and bichromate salts. In Frank’s method the ga% 
passes though a sj'stem of vessels containing an acid solution 
of copper chloride, and also through a washer. ChloJide of 
lime with sawdust is used as a purifying agent. Finally, thb 
gas is jtored and tifence sent to the consumer (see fig. 21). 



F](! J].—Acttyicne Gas Apparafms {after Lmga 


FFECTs ON He.4Lvh.— Almost all the poisoning eaused in 
the industries in question is due to carbonic oxide gas, of which 
water gas contains 41 per cent., generator gas 35 per cent, and 
suction and DoAvson gas 26 per cent,* 

Tfiat industrial carbonic oxide poisoning is not rare the 
reports of the certifying surgeons ifl Great Britain sufficiently 
show. In thc^year 1906 fifty-five persons aje referred to as 
having suffered, wifh fatal issue in four. In 1907 there,were 
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eighty-one, oi which ten were fatal. Of the 1906 cases twenty 
resulted from inhalation of producer, Mojjd, or suction gas, 
sixteen from coal gas (in several instances containing 
cfarburetted water gas), seventeen from blast furnace gas, 
and one each from charcoal fumes from a'brazier, and from 
the cleaning out of an oil gas holder. 

As causes of the poisoning from suction gas wore (1) improper 
situation of gas plant in collar or basoment, allowing gas to 
collect or pass upward ; (2) defective fitting,s ; (3) starting the 
suction gas plant by the fan with chimney valve closed; (4) 
cleaning out ‘ scrubbers ’ or repairing valves, &c.; (.'>) defective’ 
gasometer. In the seventeen cases due to blast furnace gas 
six were due to conveyance of th(' gas by the wind from a 
flue left open for cleaning purposo.s into an engineering shed, 
two to charging the cupola furnaces, two to entering the 
furnace, and four to cleaning the flues. 

The following are instances taken from recent literature 
on gas poisoning > : Several cases of poisoning by ipaler gas 
occurred in a smelting works. The poisoning originated 
when a blowing machine driven by water gas was started. 
Owing to premature opening of the gas valve l!wo men 
employcM in a well underneath the machine were oycfcome. 
The attendant who had opened the valve succeeded in lifting 
both from the well; but as he was trying to lift a third man 
who had come to his assistance and fallen into the well he 
himself fell in and was overcome. The same fate befell the 
engineer and his assistant who came to the rescue. All efforts 
to recover the four men by others roped together failed, as all 
of them to the number of eight were rendered unconscious. 
With the aid of rescue appliances (helmets, &c.) the bodies 
were recovered, but efforts at artificial respiration failed. 

A workman was killed by suction gas while in the water- 
closet. It appea,red that some time previously when the plant 
was installed the ventilating pipe between the purifier and 
motor, instead of being led through the roof, had been led 
out sideways on a level with the floor immediately above the 
closet.^ 

In another case the'sdbtion gas attendant had taken out 
the three-way cock between the generator and mptor for repairs 
and Ijad not reinserted it properly, so tlfht when effort was 
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made to start the motor this failed, as gas only end no air was 
drawn in. The motor was thought to be at fault, and^tiie fan 
was worked so vigorously that the gas forced its w'ay out 
through the packing of the flange connections and produced 
sym^oms of poisoning in the persons employed. 

More dangerous than suction gas plants, in which normally 
no escape takes place, are installations depending on gas 
under pressure. Such an installation was used for heating gas 
irons in a Berlin laundry. The arrangements were considered 
excellent. The gas jets were in stoves from which the fumes 
*wcre exhausted. The gas was made from charcoal and con¬ 
tained 13 per cent, of hydrogen. No trace of carbonic oxide 
was found in the ironing loom on examination of the air. 
After having been in use for months the mechanical ventila¬ 
tion got out of ordei', with the result that twelve women suffered 
severely from symptoms of earbonic oxide poisoning, from 
which they were brought round by oxygon inhalation. The 
laundry re^’ertod to the use of illuminating gas. The conclusion 
to be drawn is that installations for gas heating are to be used 
with caution.- 

Indultricl poisoning from blast furnace gas is fjequent. 
Two filial cases were reported in men employed in the gas 
washing apparatus. They met their death at the manhole 
leading to the waste-water outlet. In another case a work¬ 
man entered the gas main three hours after the gas had been 
cut off to clear it of the dust -which had collected. He suc¬ 
cumbed, .showing that such accumulations can retain gas for a 
long time. Steps had been taken three houi'j^ previously to 
ventilate the portion of gas main in question. 

A fatal cas( occurred in the cleanipg out of a blast furnace 
flue which had been ventilated for 1|- hours by opening all 
manhOle.o, headplatcs. &c. The foreman found the deceased 
with his face lying in the flue dust; both he and a helper were 
temporarily rendered unconscious. 

Case# of poisoning by generator gas are described.'*- A 
workman who had entered a gasiftneter containing th'e gas 
died m ten minutes, and another remained unconsciojis for 
ten days and for another ten days suffered fronf mental disturb-^ 
ance, showing jtself in hebetude and weakness of memory. 

Acetylene jb poiifonous to only a slight extent. Impurities 
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in it, such as carbon bisulphide, carbonic oxide (present to the 
extenfr(if 1-2 per cent.), and especially phosphoretted hydrogen 
gas, mhst be borne in mind. 

American calcium carbide “ yields acetylene containing 
0'04 per cent, of phosphorettod hydrogen ; Uungc and Ceder- 
kreutz have found as much as O-OO per cent, in acetylene. 


AMMOm AND AMMONIUM COMPOUNDS 

Preparation. —Ammonia and ammonium salts are now 
exclusively obtained as a bye-product in the dry distillation of 
coal, from the ammonia water in gas works, and as a bye- 
product from coke ovens. 

The ammonia water of gas works eontains from 2-3 per 
cent, of arapionia, some of which can be recovered on boiling, 
but some is in a non-volatile form, and to be recovered the 
compound must be decomposed. The volatile compounds 
are principally ammonium carbonate and, to a less extent, 
ammonium sulphide and cyanide ; the non-volatile compounds 
are ammonium sulphocyanide, ammonium chloride, sulphate, 
thiosulpLate, &c. Other noteworthy substances in ammonia 
water arc pyridine, pyrrol, phenols, hydrocarbons, and tarry 
compounds. 

Decomposition of the non-volatile compounds is effected 
by lime. Hence the ammonia water is distilled first alone, 
and then with lime. The distillate is passed info sulphuric 
acid, ammoniuju suljihate being formed. Distillation appar¬ 
atus constructed on the principle usual in rectifying spirit 
is used, so that continuous action is secured; the ammonia 
water flows into the apparatus continuously and is freed of 
the volatile compounds by the steam. .At a later stagd milk 
of lime is added, which liberates the ammonia from the non¬ 
volatile compounds. 

Of the ammonium salts there require mention : « 

Ammonium sulphate ((N>H^)„SOJ, which serves for the pro¬ 
duction of other ammoniunf salts. It is usually centrifugahsed 
out from the sulphuric acid tank previously described. 

Ammoniiim, chloride (sal-ammoniac, NH^Cl),is formed by 
bringing the ammonia fumes given off in the proeess described 
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in contact with hydrochloric acid vapour. The crude sail 
so obtained is reoiystaUised or sublimed. 

Ammonium phospJiatf, ((NH^j^HPO^) is made in an analogous 
manner by leading ammonia into pho.sphoric acid. It is 
u.sefu"has an artificial manure. 

Ammonium carbonate is made either by bringing together 



Fio. 22.--i‘rcparii|joii of Ammonia. Column Apparatus of Feldman (after Ost) 
A, B, C CoIuimiB; J) Saturator; (a) Settling tank and regulator for flow of 
' ammonia; (b) Economiser; (f) Milk of lime; (g) Bump 


ammonia vapour and carbonic acid or by subliming ammonium 
sulphate with calcium carbonate. It is very volatile. The 
thiek,vapour is collected and puriflt*d ip leaden chambers. 

Caustic ammonia is prepared either from gas liquor or,*more 
usually, from ammonium sulphate % distiUatfon with caustic 
alkali in a oonrinuous apparatus. 

Use or AVimouia. —Ammonia is used in laundrier* and 


















92 . OCCUERENCE OF INDUSTRIAL POISONING 


bleaching works in dyeing and wool washing. It is used 
especially in making ammonium salts, in the preparation of 
soda by the Solvay process (see Soda Manufacture), and in 
making ice artificially. 

It is used also in the preparation of indigo, in lacquei-s and 
colours, and the extraction of chloride of silver, &c. 

Efekctr on Hkauth. —Industrial ammonia poisoning is 
rare. It occurs most frequently in gas works and occasionally 
in its use, especially the manufacture of ammonium salts. Those 
engaged in subliming ammonium carbonate incur special 
risk, but often it is not the ammonia vapour so much as the 
escaping evil-smelling gases containiiig carbon bisulphide and 
cyanogen compounds which are the source of trouble. 

Occasionally in the production of ice through leakage or 
by the breaking of carboys of ammonia accidental poisoning 
has occurred. 

Some cases are cited from recent literature : 

A worker was rendered unconscious and drowned in an 
ammonia water well.' Two workers were poisoned (one 
fatally) in the concentration of gas liquor. Three, workers were 
gassed one fatally) in the preparation of ammonium* sulphate 
in a gas works. Probably as the result of excessive' steam 
pressure gas water was driven over with the ammonia into 
the sulphurie acid vessel.- 

Eulenborg " reports the occurrence of sulphuretted hydrogen 
gas poisoning in the production of ammonium salts. The 
workers succumbed as though shot, although work was being 
carried on in^the open air. They recovered wlien removed 
from the poisonous atmosphere. 

In a large room of chemical factory phosphoric acid was 
being saturated with ammonia gas water in an iron lead- 
lined vessel. Carbonic acid gas and hydrogen gas were 
evolved, but not to such extent as to be noticeable in the large 
room. A worker not employed in the room liad to do some¬ 
thing close to the vessel, and inhaled some of the fuaws given 
off. 'A few yards from th'# vessel he was found lying uncon¬ 
scious and although removVd into the open air failed to respond 
to the efforts at artificial‘respiration.''' 

Lewin, in an,opinion delivered to the Imperial Insurance 
Office, describes poisoning in a man who dbring'two days had 
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been employed repairing two ammonia retorts in a chemioftl 
factory. On the evening of the second day he suffered from 
severe symptoms of catarrh, from which he died fiwe days 
later. Lewin considered the case to bo one of acute ammonia 
poisKiing.'"’ 

Ammonia i.s frequently used in fulling cloth, the fumes 
of which collect on the surface after addition of sulphuric acid 
to the settling vats. This is especially liable to occur on a 
Monday, ov'ing to the standing of the factory over the Kunday, 
so that entrance into the vats without suitable precautions 
is strictly forbidden. Despite this, a worker did go in to fetch 
out S'liiiothing that had fallen in, becoming immediately uncon¬ 
scious. A rescuer succumbed also and lost his life. The first 
worker recovered, but W'as for long incapacitated by paralytic 
symj)toms. 

Gases of poisoning in ice factories and refrigerator rooms 
from defective apparatus are reported. 

Acute and chronic poisoning among sewer men are due 
mainly to sulphuretted hydrogen gas and only partly to 
ammonia. The more ammonia and the loss sulphuretted 
hydrogAi sewer gases contain the less poisonous are they. 

CYANOQEK COMPOUNDS 

'I'eeatmejit oe the Materi.als used in Gas pueieying.— 
Cyanogen compounds are still sometimes prepared by the 
original method of heating to redness nitrogenous animal 
refuse (bioftd, leather, horn, hair, &o.) with potash and iron 
filings; potassium cyanide is formed from the iJftrogen, carbon, 
and alkali,-and this with the sulphur and iron present is easily 
converted into potassium ferrocyaflide (yellow prussiate of 
potash, K^FeC(,N„) by hxiviation of the molten mass. It 
crystallises out on evaporation. 

Cyanogen compounds are obtained in large quantity from 
the material used in purifying the gas in gas works. This 
saturated spent material contaiij^s, in addition to 30-j40 per 
cent, of sulphui, 8-15 per cent, o^ C3«anogen compounds and 
1-4 per cent, of sulphooyanogen esmpounds. • 

By lixiviation with water the soluble ammonium salts are 
extracted irqfti ths purifying material. ThiS solution furnishes 



94 , OCCURRENCE QF INDUSTRIAL POISONING 

tulphocyanide of ammonium, from which the remaining unim¬ 
portant sulphocyanide compounds are obt 3 |ined (used in cloth . 
printing). The further treatment of the purif 3 dng material 
for potassium ferrocyanide is rendered difficult because of 
the sulphur, which is either removed by* carbon bisuifjhide 
and the ferrocyanide obtained by treatment with quicklime 
and potassium chloj’ide, or the mass is mixed with quicklime, 
steamed in closed vessels, lixiviated with water, and decom¬ 
posed by potassium chloride ; ferrocyanide of potassium and 
calcium separates out in crystals, and this, treated with 
potash, yields potassium ferrocyanide. 

The well-known non-poisonous pigment Prussian blue is 
obtained by decomposing ferrocyanide of potash with chloride 
or oxide of iron in solution. 

Potassium cyanide (KCN) is prepared from potassium 
ferrocyanide by heating in absence of air, but it is difficult to 
separate it'entirely from the mixture of iron and carbon which 
remains. All the cyanogen is more easily obtained in the form 
of potassium and sodium cyanide from potassium ferrocyanide 
by melting it with potash and adding metallic sodium. 

The very poisonous hydrocyanic acid (prussic acfid, HGN) 
is fornfod by the action of acids on potassium or iodium 
cyanide ; small quantities indeed come off on mere exposure 
of these substances to the air. The increasing demand for 
potassium cyanide has led to experimental processes for 
producing it synthetically. 

One method consists in the production of potassium 
cyanide from pota.sh and carbon in a current of ammonia gas. 
Small pieces ot charcoal are freed from air, saturated with a 
solution of potash, dried in the absence of air, and heated in 
upright iron cylinders to 100° 0., while a stream of ammonia 
gas is passed through. 

Again, sodium cyanide is prepared from ammonia, sodium, 
and carbon by introducing a definite amount of sodium and 
coal dust into melted sodium cyanide and passing ajnmonia 
through. The solution ift, then concentrated in vacuo and 
sodium cyanide crystalllsesajut on cooling. ' 

Use or CYAjriDES.-J'Pt.tassium cyanide is principally used 
in the recovery of gold, in gold and silver electroplating, in 
photography, for soldering (it reduces oxides and makes 
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metallic surfaces clean), for the production of other cyanogen 
compounds, for the removal of silver nitrate stains, &o. ^Hydro- 
cyanic acid gas is given off in electroplating, photography, in 
smelting fumes, in tanning (removing hair by gas lime), &c. ’ 
\iFrECTS ON Health. —Industrial cyanogen poisoning is 
rare. Wcyl' states that he could find no case in any of the 
Germtin factory inspectors’ reports for thu twenty j^ears prior 
to 1897, nor in some twenty-five volumes of foreign factory 
inspectors’ reports. I have found practically the same in my 
search through the modern literature. 

. Of the very few references to the subject I quote the most 
impu''tant. 

A case of (presumably) chronic hydi'ocyanic acid poisoning 
is described in a worker engaged for thirteen years in silver 
electroplating of copper plates.- The plates were dipped in a 
silver cj'aiiido solution and then brushed. After two years- 
he began to show signs of vomiting, nausea, palpitation, ande- 
fatigue, which progre.ssed and led to his death. 

A ease of sudden death is described occurring to a worker 
in a sodium cyanide factory who inhaled air mixed with hydro¬ 
cyanic acid gas from a leaky pipe situated in a cellar. The 
faetoiy made sodium cyanide and ammonium sulph^ie from 
ihe res’ lue after removal of the sugar from molasses. This is 
the only definite ease of acute cyanogen poisoning in a factory 
know'n to me. T believe that under modem conditions, in 
which the whole process is carried on under negative pressure, 
chance 0 +' escape of cyanogen gases is practically excluded. 

It should be mentioned that hydrocyanic acid vapour is 
given off in the burning of celluloid. In this way eight persons 
were killed at a fire in a celluloid factory.^ 

Skin affec'iions are said to be caused by contact with fluids 
contaming cyanogen compounds, especially in electroplating. 
It is stated that W'orl-iers coming into contact with solutions 
containing cyanides may absorb amounts sufficient to cause 
symptoms, especially if the skin has abrasions. Such cases 
are described. In electroplating,^^urther, in consequence of 
the iftrong soda .jolutions used, deep Ulceration and fissijres of 
the skir, of f he hand can be caused. 0 * 
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COAL TAB AND TAB FBODUCTS 

Of the products of the illuminating gas industry tar has 
considerably the most importance. Coal* tar as suc]?^has 
varied use in industry, but far greater use is made of the pro¬ 
ducts obtained by fractional distillation from it such asbdhzene, 
toluene, naphthalene, anthracene, carbolic acid, pyridine, and 
the other constituents of tar, a number of which form the 
starting-point in the production of the enormous coal-tar dyo 
industry. Especially increasing is the comsumption of benzene.'’ 
In Germany alone this has increased in ten years from 20 to 
70 million kilos. This i.s partly due to the need of finding 
some cheap substitute for benzine, the consumption and] cost 
of ■which has increased, and it has in many respects been found 
in benzene. 

BesidesTienzeno anditshomologues,toluene,anthracene,and 
naphthalene are valuable. Anthracene is used in the manu¬ 
facture of alizarine and naphthalene in that of artificial indigo 
and of the azo-colours. Carbolic acid (phenol) and the homo¬ 
logous cresols servo not only as disinfectants but^ also in 
the mafiufaoture of numerous colours and in the preparation 
of picric acid and salicylic acid. Further, a number of phar¬ 
maceutical preparations and saccharin are made from the 
constituents of tar. 

The important constituents of tar are : 

1. Hydrocarbons of the methane series ; paraffins, olefines ; 
hydrocarbons_^of the aromatic series : benzene aftd its homo- 
logues, naphthalene, anthracene, phenanthrene, c&c. 

2. Phenols (cresols, naphtliols). 

3. Sulphides ; sulphuretted hydrogen, carbon bisulphide, 
mercaptan, thiophene. 

4. Nitrogen compounds : ammonia, methylamine, aniline, 
pyridine, &c. 

5. .Fifty to sixty per cent, of tar consists of pit^oh oon- 
stitulnng a mixture of jjiany different substances which 
oanno^ be distilled witHbut* decomposition. 

Crude tar, i.e* tar wMelJ separates in the dry distillation of 
coal, is employed as such for preserving all kmds of building 
mat^ials, for tarring streets, as plastic eement, as a disin- , 
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fectant, in the preparation of roofing paper or felt, lampblack, 
•briquettes, &c. t 

Braiiice cloth and roofing left are made by passing the. 
mato-ials through Ijot tar and incorporating sand with them ; 
in doing this heavy fumes are given off. 

Lmufblack is made by the imperfect combustion of tar or 
tar oil by letting them drop on to heated Iron plates with as 
limited an air supply as possible ; the burnt gases laden with 
carbon particles are drawn through several chambers or sacks 
in which the soot collects. 



Brigiietles (pat mt fuel) are made by mixing small coal (coal 
dust) with tar or pitch and then pressing them in moulds. 

The (ieparation and recovery of the valuable ingredients is 
effected by fractional distillation. This is carried out by heat¬ 
ing the tar at gradually increasing temperature in a wrought- 
iron still, *the bottom of which is arched and having a cast- 
iron still head, or in horizontal boilei's by direct fire. Before 
commencing the distillation the tar i| freed as far as possible 
of water by storage. On gradual increase of tdnperature the 
volatile oon«titi. snts, the so-called ‘ light oil,*> and *later the 
heavier volatdd constituents come over. The constituents 
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are liberated in a gaseous state and are collected in fractions, 
The'jSitcb remains behind in the still. Considerable quantities 
of coal tar are not distilled for pitch. Often the light oils 
and a portion of the heavy oils are collected, when soft pitch 
remains, or, if the light oils and only a very small portion of 
the heavy oils arc collected, asphali remains behind, this residue 
being used as a basis for the manufacture of roofing felt. 
The vapours are condensed in iron coils round which cold 
water circulates. The receivers in which the distillate is caught 
are changed at definite times as the temperature gradually 
rises. If five fractions have come over they are called (1) first, 
runnings, (2) light oil to 170° C., (3) middle oil (carbolic oil to 
230° C.), (4) heavy oil to 270° C., and lastly (5) anthracene 
oil, which distiUs at over 270° C. ; the pitch remaining behind 
is let out of the still by an opening at the bottom. 

We will briefly sketch the further treatment and use of 
these fractions, so far as a knowledge of the most important 
processes is necessary for our purpose. 

1. The light oils (including first runnings) coming over 
up to 170° C. are again distilled and then purified with 
sulphuric acid in lead-lined cast-iron or lead-lined wooden 
tanks. The dark-coloured acid used for purifyifig after 
dilution with water, which precipitates tarry matters, is treated 
for ammonium sulphate ; the basic constituents of the light 
oils extracted with sulphuric acid and again liberated by lime 
yield pyridine (C 5 H 5 N) and the homologous p}Tidine bases, a 
mixture of which is used for denaturing spirit. After the 
light oils have been washed with dilute caustic soda liquor, 
whereby the phenols are removed, they are separated by 
another fractional distillation into (a) crude benzol (70°-130° C.) 
and (6) solvent naphtha (boiling-point 130°-170° C.). 

Crude benzol (70'’-140° C.) consists chiefly of beilzene and 
toluene and is separated into its several constituents in 
special rectifying apparatus. For this production of pure 
benzene (boihng-point 80°-82° C.) and pure toluene (boiling- 
point 110° C.) fracti,pnating apparatus is used (fig. 24). 

‘^The commercial jjrc^vcts in use which are obtained from 
the fractional distillation of the light oil are : 

(a) Ninety per cent, benzol, so called because in the 
distillation 90 per cent, should come over at a temperature 
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of 100° C. It is 
taado up of 80-86 
per cent, benzene, 

13-15, per cent, 
toluene, 2-3 per 
cent. :^]ene, and 
contains, as im¬ 
purities, traces of 
olefine,s, paraffins, 

■sulplniretted hy- 
' drogen, and other 
bodies. 

(h) Fifty per 
cent, benzol con¬ 
tains 60 per cent, 
of con.stituents 
distilling at 100“ 

C and 00 per cent, 
at 120“ C. ; iu is 
a very mixed pro¬ 
duct, with only 
40-50 per cent, of 
benzene. 

(c) Solvent 
naphtha, so called 
because it is large- 
lyused for dissolv¬ 
ing rubber, is free 
from benzene, but 
contains xylene 
and its homo- 
logues and other 
unknown hydro¬ 
carbons. 

Benzorts wide¬ 
ly used, Ninety 
per cent, benzol 
is largely used in 

the chemical in, (“Aer o.*) ^ 

dustry, serving = D gon. 
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for the preparation of dye stnffa, pharmaeeutieal prepara¬ 
tions ji'^seents, &c. In otlier industries it took the plaee of 
.benzine and also of turpentine oil, espeeially in the paint 
industry, since it evaporates (juiekly ai^d readily disj^lves 
resins. Henee it is used in the j)rcparation of quiek drying 
ship’s paints, as a protection against rust, and as an ijiolating 
lacquer (acid proot colours) for electrical apparatus, in the 
production of deck varnishes, and as a solvent of resins. 

This use of benzol in the paint industry is by no means 
unattended with danger, as benzol is poisonous. Par less 
harmful, if not altogether without risk, is use of benzol freci 
solvent naphtha—but this evaporates only slowly and hence 
cannot take the place of benzol. 

Benzol serves further for fat extraction from bones in 
manure factories and of caffein from coffee beans. 

Again,Jt is used as a motive power in motor vehicles. 

The solvent naphtha above mentioned with boiling-point 
above 140° C. and all the light oils are employed in chemical 
cleaning and for dissolving indiarubber (see Indiarubber). 

These are known in the trade erroneously as ‘ benzine,’ 
whicl> unfortunately often leads to confusion with petroleum 
benzine (see Petroleum) and to mistakes in toxicological 
accounts of poisoning. 

2. Between 150° and 200° C. the middle oil comes over, from 
which on cooling naphlhalene (CjoHj) crystallises out, and is 
subsequently washed with caustic soda liquor and with acid; 
it is re-distilled and hot pressed. The remaining liquor yields, 
when extra6ied with caustic soda, phenol (carbolic acid, CjiHjOH), 
which, on addition of sulphuric acid or carbonic acid, separates 
from the solution and then—generally in special factories 
—is obtained pure by distillation and .special purifying 
processes. ’’ 

Prom the sodium salt of carbolic acid (sodium phenolate) 
salicylic, acid (CcH^OH.COOH) is obtained by combination 
with comprc.ssed COj at a temperature of 150° C. Picric acid 
(trinitrophenol, Cr.HjQH.'fNOjlj) is obtained by treating phenol 
with a mixture of sulphpric and nitric acids (nitration). The 
yellow crystals of this explosive which separate are carefully 
washed, tecrystallised, centrifugalised, and dried. 

*'3. The heavy oils which come over between'200° and 300° C. 
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containing crests, naphthols, naphthaline, quinoline bases', 
iluid paraffins, c&c., are seldom separated further. The^disin- 
fectant.s lysol, sapocarbolic, &c., are obtained from'such 
fractions. ' 

The heavy oils’are much in use for impregnatin/j wood 
(piles, railway sleepers, &c.), to prevent rotting. This is 
dune i!i special creusoting installations. .The wood is first 
freed from moisture under vacuum and lastly the heavy oil 
forced in. This is a better means of preserving timber than 
the analogous method by means of chloride of zinc. 

4. Anthracene oil or 'green oil ’ comes over between 300° 
and 40(‘° C. and contains the valuable anthracene which 
crystallises out, is separated from the oil in filter presses, or 
dried in centrifugal machines. Alizarin dyes are made from 
it. Raw anthracene oil further is used eommcreially as a paint 
under rlio naTiie of earbolineum for preserving wood. 

5. 'riu! piirh remaining behind in the still ssrvtl.s (like tar) 
for making \:irnishes, patent fuel, &c. For our purpose use of 
pitch in the oreparation of iron varnishes which adhere to 
metals and protect them from oxidation have interest. Pitch 
and the heavy oils are melted together or, if for thin varnishes, 
dissolvod in solvent naphtha. The volatile constituents 
evaporate ifter tlie coat has been applied. 

Effects on Health.— Severe injury to health or poisoning 
cases scarcely arise through manipulations with or use of tar. 
Inhalation, however, of large quantities of tar vapour is 
without doubt unpleasant, as a number of poisonous sub¬ 
stances arc contained in the fumes. And the ammonia water 
which separates on standing can give off unpleasantly 
smelling odours from the sulphur compounds in it, especially 
if it comes into contact with waste acids, with consequent 
development of sulphuretted hydrogen gas. 

I could not find in Ihe literature of the subject references 
to any clearly proved case of poisoning from tar emanations. 
But deserving of mention in this connection are the effects 
on the skin caused by tar. . . 

Wi&kers coming into contact with tar suffer froqj an 
inflammatory affection of the skin, sc)*-called taj; eczema, which 
occasionally takes on a cancerous (epithelioma) natqre similar 
to chimney-sweep’s cancer, having its seat predominantly,on 
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the scrotum. In lampblack workers who tread down the 
soot^'in receptacles the malady has been oljserved to affect the 
lower^xtremities and especially the toes. 

' In tar distillation and in the production and use ot berj,zene 
industrial poisoning frequently occurs. Man'y cases are recorded, 
but in several the immediate exciting cause is doubtful, and 
consequently it is often difficult to classify the cases. 

Most frequently the manufacture and u.se of benzene come 
in question. Besides this, in tar distillation poisoning may be 
caused by other substances, such as sulphuretted hydrogen gas, 
carbonic oxide gas, &c. In the production of antipyrirf, 
aspirin, &c., and in the preparation and use of anthracene injury 
to health is recognised. 

From the list of recognised cases of these forms of poisoning 
the most characteristic are chosen from the recent literature on 
the subject. 

The Prfissian factory inspectors’ reports for 1904 describe 
the following: In cleaning out a tar still two workers were 
killed by inhalation of gas. The nature of the gas was not 
ascertained. But what probably happened was that the cock 
on the foul gas pipe collecting the gases from the stills leaked 
and allowed fumes to pass over from one still to another* 

A foreman and worker were rendered unconscious on 
entering a receiver for heavy oil for cleaning purposes. On 
treatment with oxygen gas they speedily recovered. 

Industrial henzene poisoning is especially frequent now in 
view of the increasing use to which it is put. Several cases 
have prove^fatal. ' 

A worker, tor instance, forgot to open the cock for the water 
to eool the condenser, so that some of the benzene vapour 
remained uncondensed.*^ The case proved fatal. 

The Report of the Union of Chemical Industry for 1906 
stated that a worker on night duty, whose duty it was to 
regulate the introduction of steam and the cooling of the benzol 
plant, was found lying dead in front of the building., Inquiry 
ohoi/ed that he had not^opened the valve for running the 
distijlate into the a'pppjpriate receiver. Eight thousand 
litres overflowefl. ' * 

In an judiarubber extracting factory a worker was rendered 
unqpnscious while inspecting a benzol stil^; b&>re entering he 
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had omitted to observe the instructions to drive steam through, 
and have a mate on watch at the manhole. Two other work¬ 
men were similarly affected who went to the rescue wjjAout 
adoption of precautions. Only one survived. 

ill a further accident (already mentioned under ‘ Coke 
Furnaces ’) two workmen were killed. In the factory in ques¬ 
tion tht thick tar from the coke ovens was being distilled under 
slight pressure. The air pumps, however, were out of order, 
and temporary use was being made of Korting’s injectors, 
whereby ihe steam and tar constituents were cooled and led 
into the drain in front of the closet, near to which was a venti- 
■ lating shaft. Probably, in addition to benzene and its homo- 
logiies, sulphuretted hydrogen and cyanogen compounds were 
present in tlie poisonous gases. 

In cleaning out a benzene extracting apparatus a workman 
was killed by the stagnant fume.- in it. 

A similar case of benzene poisoning occt’>rred in a 
naphthalamme works tlirough inspecting an extracting vessel 
which had contained benzene and naphthalamine and had 
to be clenned. The vessel had been empty for twenty-two 
hours anti had been washed and ventilated, but through a 
leakings pipe benzene had dropped down into it. The- work¬ 
man encaged was rendered unconscious inside the retort, 
but was rescued by an engineer equipped with a breathing 
helmet. Others who without such apparatus tried to effect a 
rescue were overcome, and one who had entered the retort 
succumbed.^ 

Benzene poisoning has often occurred in the cleaning of 
tanks, &c., for the transport and storage of the substance. 
The following examples are taken from the Reports of the 
Union of Chemical Industry. • 

A worker during the pause for breakfast had, unknown to 
his employer, cleaned out an empty truck for crude benzol. 
Later he was with difficulty removed unconscious through the 
manhole and could not bo resuscitated. Only a short time 
previously a similar occurrence had taken place in the same 
factory. ' 

Two further fatal cases were repopted in 1908 in the cleaning 
out of railway tank waggons. The tank had'previously been 
thoroughly sprayed with water. The partition plates which are 
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Required in such tanks increase tlie difficulty of cleaning from 
the manhole. After the foreman had tested the air by putting 
his ll&d inside and considered it free from danger, a maaj 
.entered to clean out the deposit; another man on watch 
outside had evidently gope in for rescue purposes. Resusci¬ 
tation in both cases failed. 

A worker died and several were affected in the cleanhig out 
of a benzol storage tank in a tar distillery. 'Phe tank had 
had air blown through it several weeks before, and had been 
thoroughly cleaned by steam and water. Also in the inspec¬ 
tion the greatest care was taken in only permitting work for 
short spells. This shows that, notwithstanding great care, ‘ 
the last traces of benzol cannot be entirely removed and that 
quite small quantities are sufficient to cau.se severe and even 
fatal poisoning. Workers should only clean out tanks, 
therefore, when properly equipped with helmets. 

In the O'^rman factory inspectors’ reports for 1902 a case 
* of intoxication is described in a man who was (mgagccl ])ainting 
the inside of an iron reservoir with an asphalt paint dissolved in 
benzol. 

Of special interest is a fatal case from inhalation ^jf benzol 
fumes «in a rubber factory. Rubber dissolved in benzol was 
being rubbed into the cloth on a spreading machine in the 
usual way. The cloth then passes under the cleaning doctor 
along the long heated plate to the end rolls. Of the three men 
employed at the process one was found to be unconscious and 
could not bo brought round again. 

The cases described" of poisoning with impure benzol in 
a pneumatic^tyre factory in Upsala are, perliaps, analogous. 
Hero nine young women had severe symptoms, four of whom 
died. . 

In reference to the oases which occurred in rubber 
factories it is conceivable that carbon bisulphide played a 
part, since in such factories not only are mixtures of benzol 
and carbon bisulphide used, but also frequently the ‘ first 
runnings ’ of benzol, u'hieh, on account of the high proportion 
(sometimes 60 per cent.) of'oarbon bisulphide in them, make an 
excelfent solvent for rul^bqr. 

From some boke ovens crude benzol was collected in two 
large iron leceivirs. They were sunk in a. pit Vyojecting very 
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little above the ground. To control the valves the workmen 
bad to mount on the receiver, the manholes of which wejre kept 
open during filling. The pit was roofed over and two Vi^ooden 
shafts served both for ventilation and as approaches to the 
valves. One sumAcr day benzol had been blown in the usual 
way into a railway truck and a worker had entered the space 
to coiTtrol the valves. Some time aftcrwamls he was found in a 
doubled-up position on the receiver, grasping the valves, from 
which later he fell off down to the bottom of the pit. Throe 
rescuers entered, but had to retire as they became affected. A 
fourth worker, in the presence of the manager, was let down 
by a rojic, but succumbed immediately and was dragged up 
a corpse. Finally, equipped with a smoke helmet, a rescuer 
brought up the lifelcs.s body of the first man. It was believed 
that the benzol had distilled over vmrm and had evaporated 
to such an c^xtcuit as to fill with fumes the unsuitably arranged 
and inadequately ventilated space. Possibly efther volatile, 
compounds were responsible for the poisoning.^ 

A himilar though less serious accident occurred to a foreman 
who forg«)t to set the cooling apparatus at work at the com- 
menccmwit of distillation, and became unconscious from the 
escaping fumes, as also did a rescuer. The latter was brought 
round hy oxygen inhalation, but the former, although alive 
when recovered, succumbed despite efforts at artificial 
respiration. 

A fatal case occurred in an aniline factory where benzol 
fumes had escaped owing to faulty arrangement of the valves. 
The worker, although ordered at once to leave the room, was 
found there ten minutes later dead. 

Interesting are the following cases of accidents due to use 
of paint.s contnining benzol. * 

In, painting a retort with an anti-corrosive paint called 
Original Anti-corros'vc,’ unconsciousness followed on com¬ 
pletion of the painting, but by prompt rescue and medical 
assistance life was saved. 'The accident was attributed to 
benzol fumes from the paint insufficiently diluted by the air 
comiftg in at the open manhole. A similar case arose from use 
of a rust -preventing paint—‘ Preolitk ’-“-and only with di^culty 
was the man using it pulled out from the inside o:^ the steam 
boiler. Ahhcipgh nesuscitated by oxygen iiflialation, he^was 
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incapacitated for eight days. Crude benzol was a constituent 
of ‘ Prcolith,’ Obviously use of such paints in closely confined 
spaces IB very risky. 

•• The frequency of such poisonings caused Schaefer, ' Inspector 
of Factories in Hamburg, to go fully into "the question. He 
lays stress on the dangerous nature of paints containing a high 
proportion of benzol, but considers use of unpurified constituents 
with boiling-point between 130°-170°C., such assolventnaphtha, 
as free from risk (cf. in Part II the experiments on benzene and 
the commercial kinds of benzol). Schaefer mentions that in 
1903 and 1904 cases of unconsciousness from painting the 
inside of boilers were numerous. The proportion of benzol 
in the paints was 20-30 per cent. In 1905 and 1906 the cases 
were attributable rather to inhalation of hydrocarbons in 
cleaning of aiDparatus. Use of ‘ Dermatin ’ affected two 
painters. One case in 1906 happened to a man painting the 
double bottem of a ship in Hamburg harbour with ‘ Black 
Varnish Oil ’ through the manhole, in doing which he inhaled 
much of the fumes. This paint consisted of eoal-tar pitch in 
light coal-tar oil, the latter constituent (distilling at 170" C.) 
amounting to 31-33 per cent. Investigation showed further 
that thh bulk of the tar oil volatilised at ordinary temperatures 
and so quickly dried. Sulphuretted hydrogen gas was given 
off on slight warming. The person after using it for some 
time felt poorly, and then became ill with severe inflammation 
of the respiratory passages, which proved fatal after twenty- 
four days. 

Several similar cases occurred in 1908 and 1900. Painting 
the inside of a boiler with ‘ Auxulin ’ caused unconsciousness 
in four persons, of whom three were rescuers. A fatal case 
was due to use of a patent colour containing 30-40 per cent, 
benzol in an entirely closed-in space (chain-well), although 
the worker was allowed out into fresh air at frequent 
intervals. 

case of chronic industrial xylene poisoning is described 
in a worker using it for ini^regnating indiarubber goods. The 
symptoms were nervotts, resembling neurasthenia. 

Bom'S of the cases of poisoning, especially when severe and 
fatal, in t^e production of distillation constituents of coal tar 
are j^oubtless attributable to sulphuretted kydrotjen gas. Thus 
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in England, in the years 1901-3, there were eleven fatal aild 
,as many other severe eases reported from tar distDlesifies, of 
whieh the majority were due to sulphuretted hydrogen-gas. 

Pne ease of carbonic oxide poisoning in eoal-tar distillation 
is described."' In Cleaning out pitch from a still fourteen days 
after the last distillation a workman succumbed to carbonic 
oxide‘poisoning. This is at all events a rare eventuality, 
since no other case is to be found in the literature of the subject, 
but it is a proof that in the last stage of coal-tar distillation 
carbonic oxide plays a j)art. 

Mention must be made of the frequent occurrence of 
severe hkin affections in anthracene workers ; they take the 
form of an eruption on the hands, arms, feet, knees, &o., and 
sometimes develop into cancer. 

Observations in a chemical factory since 1892 showed that 
of thirty thus affected in the course of ten years twenty-two 
came into contact with paraffin. *’ e 

Aritacial Organic Dye Stuffs (Coal-tar Colours) 

Maniwacture. —The starting-points for the preparation of 
artifieiftl coal-tar dyes are mainly those aromatic compounds 
(hydi'ocii bons) described in the preceding section. Besides 
these, however,there are the derivatives of the fatty series such 
as methyl alcohol (wood spirit), ethyl alcohol, phosgene, and, 
latterly, formaldehyde. 

The hydrocarbons of the benzene series from tar distillation 
are deliverel almost pure to the colour factory. Of these 
benzene, toluene, xylene, naphthalene, anthracene, and the 
phenols, cresols &c., have to be considered. 

F'urthcr treatment is as follows : * 

1. Nitration, i.e. introduction of a nitro-group by means of 
nitric acid. 

2. Reduction of the nitrated products to amines. 

3. Sulphonation, i.e. conversion to sulphonie acids by 
means of concentrated sulphuric ajjd. 

4. * The sulplionic acids are converted into phengls by 
fusing y it!\ caustic soda. 

6. Introduction of chlorine and bromine. 

Nitro-de i'i^tivea, are technically obtained* by tire action of 
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a'mixture of nitric and concentrated sulphuric acids on the 
aromeliic body in question. The most important example is 
nitrobenzene. 

• Benzene is treated for several hours in cylindiacal cast-jron 
pans with nitric and concentrated sulphuric*acids. The vessel 
is cooled externally and well agitated. A temperature of 
26° C. should not be exceeded. 





Fio. 25.—Preparation of Intermediate Products in tlio Aniline Colour Industry 
(Closed Apparatus), showing Arrangement for Condensation {ajler Leynuinn) 

On standing the fluid separates into two layers : the lower 
consists of dilute sulphuric acid in which there is still some 
nitric acid, and the upper of nitrobenzene. I’he lattenis freed 
of remains of acid by washing and of water by distillation. 
Toluene and xylene are* nitrated in the same way. Dinitro 
'products (such as,metadihitrohenzene) are obtained by further 
action of tke nit^;o-sulphuric acid mixture on t^e mononitro- 
comjaound^at higher temperature. 
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For conversion of phenol into picric acid (trinitrophenol) 
the use of a nitro-sjilphuric acid mixture is necessary. 

The aromatic bases (aniline, toluidine, xylidine) are obtained 
by reduction of the corresponding nitro-compound by means' 
of iron filings an5 acid (hydrochloric, sulphuric, or acetic). 
Thus in the case of aniline pure nitrobenzene is decomposed 
in an iron cylindrical apparatus, provided* with agitators and 
a condenser, and avoidance of a too violent reaction, by means 
of fine iron filings and about 6 per cent, hydrochloric acid. 
Aftei' completion of the reaction the contents are rendered 
alkaline by addition of lime and the anihne distilled over. 
Manufacture of toluidine and xjiUdine is analogous. 

Dimethylaniline is obtamed by heating aniline, aniline 
hydrochloride, and methyl alcohol. 

Dieihylaniline is prepared in an analogous way with the 
use of ethyl alcohol. 

By the action of nitrous acid (sodium nitrit? and hydro-# 
chloric acid) on the acid solution of the last-named compound 
the nitroso cjtnjmmds are formed. 

tSulphouic acids arise by the action of concentrated or fuming 
sulpliur’(? ao’d on the corresponding bodies of the aromatic 
aeries f benzene disulphonic acid from benzene and faming 
sulphuric acid, &c. 

Phenols and crcsols are obtained pure from tar distillation. 
The remaining hydroxyl derivatives (resorcin, a- and /8-naphthol, 
&c.), arc generally obtained by the action of concentrated 
caustic soda on aromatic sulphonic acids. 

The moSt important aromatic aldehyde, Jienzaldehyde, 
is obtained from toluene; on introducing chlorine at boiling 
temperature b nzyl chloride is first formed, then benzal- 
chloride and finally bcnzo-trichloride. In heating benzal- 
chloridb with milk of lime (under pressure) benzaldehyde is 
formed (C,.H,COH). 

Picric acid and naphthol yellow belong to the nitro dyestuffs ; 
the last»named is obtained by sulphonating a-naphthol with 
fuming sulphuric acid and by tli# action of nitric acid oh 
the sulphonated mixture. 

Nitroso derivatives of aromatic pnenois jieia ^wirn metai 
oxides) the material for production of nitrejpo dyestuffs. To 
these belong uaphthol green, &c. 
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■ The most important azo dyestuffs teclmically are produced 
in pi^iciple by the action of nitrous acid on the aromatic 
amines’ The amido compound is converted into the diazo 
'salt by treatment with sodium nitrite in acid solution. Thus 
diazo-benzene is made from aniline. Diazo compounds are 
not usually isolated but immediately coupled with, other 



"Fia, 20.—^Nitrating Plant [afler Leymann) 

I Nitric acid V Waste acid tank IX Storage tank 

II Balance VI Acid egg X Washing vessel 

III Storage tank VII Hydrocarbon XI Centrifiu^al machine 

IV Nitrating pan VIII Balance XII Egg 

-Exhaust ventilation pipe. 


suitable compounds^amido derivatives, phenols—i.e, con¬ 
verted into azo compounds. ‘ 

The combination of the two constituents takes place at 
once and quantitatively. The colour is separated from the 
aqueous solution by salting-out, and is then put through a 
fiiter*press. The reactions «,re carried out generally in wqoden 
vats ai'anged in stages.' Besides a second, a third constituent 
can be introducejJ, and in‘this way naphthol—and naphthyl- 
amine sulphonic apids yield a large number of colquring matters. 
A .vary large number of azo dyestuffs can thus be produced 
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by the variatiofi of the first component (the primary base) 
with the second ard again with the third component,^ut it 
would carry us too far to deal further with their preparation. 

Anthracene colours —yielding so-called direct dyes—are pre¬ 
pared from anthracene, which is converted into anthraquinone 
by the action of bichromate and dilute sulphuric acid when 
heated ; the crude ‘ quinone ’ is purified" with concentrated 
sulphuric acid and converted into anthraq uinone monosulphonic 
acid to serve in the preparation of alizarin, which is made from 
it by heating for several days with concentrated caustic soda 
to which sodium chlorate is added. The process is carried on 
in cast iron pans provided with agitators. 

Alizarin, is the starting-point for the alizarin dyes, but of 
their production we will not speak further, as they, and indeed 
most of the coal-tar dyes, are non-poisonous. 

Imligo to-day is generally obtained by synthesis. It 
is prepared from phenylglycine or phenylgjycine ortho-’ 
carboxylic acid. Which on heating with sodamidc becomes 
converted into indoxyl or indoxyl carboxylic acid. These in 
presence of an alkali in \vatery solution and exposure to the 
oxygen df the air immediately form indigo. The necessary 
glycine derivatives are obtained by the action of monochlor- 
acetic aci J on amline or anthranilic acid, which again are derived 
from naphthalene (by oxidation to phthalic acid and treat¬ 
ment of phthalimide with bleaehing powder and soda 
liquor). 

Fuchsin belongs to the group of triphenylmethane dyestuffs, 
with the production of which the epoch of ccal-tar colour 
manufacture began, from the observation that impure aniline 
on oxidation gave a red colour. Jhe original method of 
manufacture uath arsenic acid is practically given up in 
consequence of the unpleasant effects which use and recovery 
of large quantities of arsenic acid gave rise to. The method 
consisted in heating a mixture of aniline and toluidine with 
^olution of arsenic acid under agitation in cast-iron cylinders. 
The cooled and sohdified mass frum the retorts was bdileci, 
and from the hot solution, after filtfation, the raw fuchwn was 
precipitated with salt and purified ‘Ly crystailisation. 

Now bv tl;^ usual nitrobenzene proce'ss, juiilind, toluidine, 
nitrobenzene,‘and hitrotoluene arc heated with adijixtu** nf 
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hydrochloric acid and some iron protochloride or zinc chloride. 
Furtl^r treatment resembles the arsenic process. 

By alkylation, i.e. substitution of several hydrogen atoms of 
■the amido-groups by ethyl, &c., through the action of alkyl 
halogens and others, it was found possible to convert fuchsin 
into other triphenylmethane colours. But it was soon found 
simpler to transfer already alkylated amines into the colours in 
question. Thus, for example, to prepare methyl violet dimethyl 
aniline was heated for a long time with salt, copper chloride, 
and phenol containing eresol in iron mixing drums. The 
product is freed from salt and phenol by water and calcium 
hydrate, subsequently treated with sulphuretted hydrogen 
or sodium sulphide, and the colour separated from copper 
sulphide by dissolving in dilute acid. 

Mention must be made, finally, of the sulphur dyes obtained 
by heating organic compounds with sulphur or sodium 
I sulph ide. h or the purpose derivatives of diphenylaniine, nitro- 
and amido- phenols, &c., serve as the starting-point. 

Effects on HBALTH.—From what has been said of the 
manufacture of coal-tar dyes it is evident that poisoning 
can arise from the initial substances used (benzene', toluene, 
&c.), from the elements or compounds employed in Carrying 
out the reactions (such as chlorine, nitric acid, sulphuric acid, 
arsenious acid, sodium sulphide, and sulphuretted hydrogen 
gas), from the intermediate bodies formed (nitro and amido 
compounds, such as nitrobenzene, dinitrobenzene, aniline, 
&c.), and that, finally, the end products (the dyes themselves) 
can act as.poisons. It has already been said that most of 
the dyes are quite harmless unless contaminated with the 
poisonous substances used in their manufacture. 

We have seen that many of the raw substances used in the 
manufacture of coal-tar dyes are poisonous, and we shall learn 
that several of the intermediate products (especially the nitro 
and amido compounds) are so also. 

According to Grandhomme,^ of the raw materialsi benzene 
is the one responsible foremost poisoning. He describes two 
fatal (jases of benzene Jjoisoning. In one case the worker was 
employed for a,j short tinie in a room charged with benzene 
fumes, dashed suddenly out of it, and died shortly after. In 
tlie,nther, the workman was employed cleAning«out a vessel in 
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which lixiviation with benzene had taken place. Although 
the vessel had been steamed and properly cooled, so/Bauch 
benzene fume came off in emptying the residue as to overcome 
the workman and cause death in a short time. 

drandhomme describes no injurious effect from naphthalene 
nor, indeed, from anthracene, which he considered was without 
effect (in the workers. 

Similarly, his report as to nitrobenzene was favourable. 
No reported case of poisoning occurred among twenty-one men 
employed, in some of whom duration of employment was from 
ten to twenty years. Aniline poisoning, however, was frequent 
"among Ihem. In the three years there was a total of forty- 
two ca.sc.( of anilism, involving 193 sick days—an average 
of fourteen cases a year and sixty-foji sick days. None 
was fatal and some were quite transient attacks. 

In the fuclisin department no cases occurred, and any evil 
effects in the manufacture were attributable to a*jcnio in the 
now obsolete arsenic process. Nor was poisoning observed in 
the preparation of the dye.s in the remaining departments— 
blues, dahlias, greens, resorcin, or cosin. In the manufacture 
of methyienc blue Grandliommo points out the possibility of 
evolutifcm of arseniuretted hydrogen gas from use of hydro¬ 
chloric ac d and zinc containing arsenic. Poisoning was 
absent also in the departments where alizarine colours and 
pharmaceutical preparations were made. 

Among the 2500-2700 workers Grandhomme records 
122 cases of industrial sickness in the three years 1893-5, 
involving 72't sick days. In addition to forty-two cases of 
anilism tnere were seventy-six cases of lead poisoning with 533 
sick days. Most of these were not lead burners, but workers 
newly enq/loyod in the nitrating department who neglected 
the prescribed precautionary measures. Lastly, he mentions 
the occurrence of chro/ne ulceration. 

The frequency of sickness in the Hochst factory in each of 
the years 1893-5 was remarkably high : 126 per cent., 91 per 
cent., and 95 per cent. Much less was the morbidity in the. 
years .^.899-1906 about 66 per cent*—recorded by Leyipjin ^ 
probably the same Hochst factory with 2000 to 2200 
employed. And the cases of industrial poisoning also 
wore less. He/cites only twenty-one in th^ whole of |he 
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period 1899-1906. Of these twelve were due to aniline, 
involving thirty sick days, only five to lead poisoning, w th 
fifty-fOur sick days, one to chrome ulceration, one to 
arseniuretted hydrogen gas (nine sick days), and«one 
fatal case each from sulphuretted hydrogen gas and from 
dimethyl sulphate. In 1899, of three slight cases of aniline 
poisoning one wai attributable to paranitraniline (inhalation 
of dust), and the two others to spurting of aniline oil on 
to the clothing, which was not at once changed. Of the 
four cases in 1900, one was a plumber repairing pipes 
conveying aniline and the others persons whoso clothes ha'd 
been splashed. 

In 1903 a worker employed for eleven and a half years in 
the aniline department died of cancer of the bladder. Such 
cancerous tumours have for some years been not infrequently 
observed in aniline workers, and operations for their removal 
performed.*' Leymann thinks it very probable that the 
affection is set up, or its origin favoured, by aniline. This 
view must be accepted, and the disease regarded as of industrial 
origin. Three slight cases in 1904 and 1905 were due partly to 
cont^ination of clothing and partly to inlialatioA of fumes. 
Of the five cases of lead poisoning three were ref6rable to 
previous lead employment. Perforation of the septum of the 
nose by bichromate dust was reported once only. A fatal 
case from sulphuretted hydrogen gas and a case of poisoning 
by arseniuretted hydrogen gas occurred in 1906, but their 
origin could not be traced. 

In largft modern aniline dye factories, therefhre, the health 
of the workers is, on the whole, good and industrial poisoning 
rare. Comparison of^ the two sets of statistics show' that 
improvement in health has followed on improved methods of 
manufacture. Such cases of aniline poisoning as arrf reported 
are usually slight, and often accounted for by carelessness on 
the part of the workers. 

Data as to the health of workers in factories manufacturing 
or'using nitro compounik are given in the English ^ factory 
inspectors’ reports for P905. Even with fortnightly medical 
examination ip them, more than half the workers showed 
signs of Vmsemjfi and slight cyanosis. Two jnen in a factory 
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employing twelve men in the manufacture of nitro compounds 
were treated in hospital for cyanosis, distress of breathing, 
and general weakness. One had only worked in the factory, 
for'nine days. Ifi another badly ventilated factory, of 
twenty persons examined fourteen showed bluish-grey colora¬ 
tion of the lips and face, ten were distinctly anaemic, and six 
showed tremor and weakness of grasp. 

Nitrobenzene poisoning arise,s from the fumes present in 
aniline and roburite factories. Acute and chronic poisoning 
by nitro compounds of the benzene scries are described, 
brought about by accident (fracture of transport vessels) 
and hy carelessness (spla.shing on to clothes). Cases of 
optic neuritis (inflammation of the . ptic nerve) as a result 
of chronic nitrobenzene poisoning are described. 

Dinitrobenzene and othei nitro and dinitro compounds 
arc present in safety explosives. Thus roburit(^ and bcllite 
consist of metadinitrobenzene and ammonium nitrate;" 
ammonite of nitronaphtlialene and ammonium nitrate; 
securite of ihc materials in roburite with ammonium oxalate 
in addition. In roburite there may be also chlorinated nitro 
compounds. 

Leyuiann,'^ describing accidents in the jjreparation of nitro- 
phonol and nitrocliloro compounds, mentions four fatal cases 
occurring in the manufacture of blatik dyes from mono- and 
di-nitropheiiols as well as mono- and di-nitrochlorobcnzone and 
toluene. In three of the cases dinitrophenol was the com¬ 
pound at fault owing to insufFioient care in the preparation,— 
the rc.sult of ignorance until then of risk of poisoning from 
mono and tri-nitrophenol. One of the men had had to empty a 
washing trough containing moist dinitijophenol. He suddenly 
became collapsed, with pain in the chest, vomiting, fever, and 
convulsions, and died u'ithin five hours. Another suffered from 
great difficulty of breathing, fever, rapid pulse, dilatation of 
the pupils, and died within a few hours in convulsions. Two 
further ctises of nitrochlorobenzene poisoning are referred^ to,^ 
one of which v's fatal. Four ohloidbenzene workers after a 
bout of drinking were found uncon,^cipiis in the street^ and 
only recovered after eight to ten hours in# hospital. The 
symptoms were grey-blue colour of the skin, pallor of mucous 
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mom^ranes.lips, nose, and conjunctivse, and peculiar chocolate- 
coloured blood. ^ 

Many cases of poisoning from robuiite are recorded,'^ In 
the Witten roburite factory it is stated t^at during the years 
1890-7 almost all the workers had been ill.^’ Only three 
looked healthy—all the others suffered from more or less 
pallor, blue lips, arid yellowish conjunctivEe. 

A case of chlorobenzene poisoning was reported with 
symptoms of lieadache, cyanosis, fainting attacks, difficulty 
of breathing, &c., in a man who had worked only three weeks 
with the substance.*’ 

In the nitrotoluene department of an explosives factory 
a number of the workmen suffered from symptoms of distress 
in breathing, headache, ifec., of whom two, employed only a 
short time, died. The poisoning was attributed, partly to 
nitrotoluen^ and partly to nitrous fumes. As a contributing 
cause it was alleged that in view of sliortage of hands unsuitable 
persons were engaged who neglected precautions.'!' 

Nitronaphthalene is said to cause inflammation and 
opacity of the cornea,'’ attributable cither to long-continued 
exposure (four to eight months) to nitronaphthaldne vapour 
or to spurting of the liquid into the eye. *■ 

I could not find reference in literature to actual cases of 
poisoning by picric acid. They are referred to in a general 
way only as causing skin affections. 

Aniline poisoning arises generally from inhalation, but 
absorption through the skin and less frequently inlialation of 
dust of aiftline compounds cause it. We haYb already laid 
stress on the frequently severe cases resulting from carelessness 
in spilling on to or splashing of, clothes without at once 
changing them, breaking of vessels containing it, and entering 
vessels filled with the vapour. In literature of old date many 
such cases have been described, and it was stated that 
workers were especially affected on hot days, when almost 
^ all showed cyanosis. Such observations do not state fairly 
the conditions to-day in view of the improvements which 
Gralfdhomme and Le^i^nn’s observations show' have taken 
place in auili^;e factories. Still, eases are fairly frequent. 
Thus in a factory with 251 persons employed, thirty-three 
'tfnses involving 500 days of sickness v^ere reported. 
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The Report of the Union of Chemical Industry for 190T 
cites the case of a worker who was tightening up the^eaky 
wooden bung of a vessel containing aniline at a temperature of 
200° C. He was splashed on the face and arras, and althouch 
the burns were not m themselves severe he died the next day 
from aniline absorption. 

Cases of anilism are not infrequent among dyers. The 
reports of the .Swiss factory inspector.s for 1905 describe a 
case where a workman worked for five hours in clothes on to 
which aniline had spurt ed when opening an iron drum. Similar 
eases are described in the report of the English factory 
inspectors for the same year. Aniline black dyeing frequently 
gives rise to poisoning, ant’ to this Hearden '•* of Manchester 
especially has called attention. 

. Typical anilint poisoning occurred in Bohemia in 190.S 
in a cloth presser working with black dyes. While crushing 
aniline hydrochloride with one hand, he ate his feod with the 
other. 'I’iiat the health of persons employed in aniline black 
dyeing mu«t be affected by their work is .shown by medical 
examination. P’or instance, the English medical inspector of 
factories fin the summer months of 1!)05 found amon^ sixty 
person* employed in mixing, preparing, and ageing 47 ptir cent, 
with gn.yish coloration of lips and 57 per cent, characteristically 
anaemic. Further, of eighty-two persons employed in padding, 
washing, and drying, 34 per cent, had grey lips, 20 per cent, 
were anannic, and 14 per cent, with signs of acute or old effects 
of chrome ulceration. Gastric symptoms were not infre¬ 
quently complained of. The symptoms were w’orse in hot 
weather. 

Use of aniOne in other industries may lead to poisoning. 
Thus in the i .'^traction of foreign resins with aniline seventeen 
W'orken suffered (eleven severely). Interesting cases of 
poisoning in a laundry from use of a writing ink containing 
aniline have been recorded.’’’ 

Refejenco is necessary to tumours of the bladder observed 
in aniline workers. The first observations on the subject were 
made by Rehn of Frankfurt, who operated in three gCases. 
Bachfel.1 of Offenbach noticed in slxiy-three cases of aniline 
poisoning bl.''dder affections in sixteen. S^bertk described 
five oases of xnmours of the bladder in workers with ^ng 
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duration of employment in aniline factoriesJi In the Hoohst 
factory (and credit is due to the management for the step), 
every suspicious case is examined with the cystoscope. In 
1904 this firm collected information from eighteen anjjine 
factories which brought to light thirty-eight cases, of which 
eighteen ended fatally. Seventeen were operated on, and of 
these eleven were still alive although in three there had been 
recurrence. 

Tumours were found mostly in persons employed with 
aniline, naphthylaminc, and their homologues, but seven 
were in men employed with benzidine. 

Cases of benzene and toluidinc poisoning in persons 
superintending tanks and stills have been described. 

Industrial paranitraniline poisoning has been described, and 
a fatal case in the Hilchst dye works was attributed by Lewin 
(as medical referee) to inhalation of dust. Before his death 
the workma". had been engaged for five hours in hydro- 
extracting paranitraniline. 

Paraphenylene diamine leads not unfrerpicntly to industrial 
poisoning from use of ursol as a dye. It produces skin erup¬ 
tions and inflammation of the mucous membrane of the 
respiratory passages.^- No doubt the intermediate body 
produced (diimine) acts as a powerfid poison. 

A case of raetaphenylene diamine poisoning is quoted 
in the Report of the Union of Chemical Industry for 190G. 
A worker had brought his coffee and bread, contrary to the 
rules, into the workroom and hidden them under a vessel con¬ 
taining the substance. Immediately after drinking his coffee 
he was seize'd with poisoning symptoms, and died a few days 
later. Some of the poison must have dropped into his coffee. 

Few instances of poisoning from pure aniline colours are 
recorded. 

At first all tar colours w'ere looked upon as poisonous, but 
as they were mostly triphenyl methane colours they would 
contain arsenious acid. When the arsenic process was given 
pp people fell into the other extreme of regarding not only 
the triphenylmcthanc <;ol(Jirs but all others as non-poisonous, 
until Experience showed that production and use of some of 
the tar colours Alight affect the skin. 
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Finally, mention mnst he made of inflammation of the 
pornea caused by methyl violet dust. The basic a#iiline 
dyes are said to damage the eye. As opposed to this view is 
the, fact that methyl violet and auramine are used as anti- 
bactericidal agents, for treatment of malignant tumours, and 
cs«'’cially in ophthalmic practice. 



II. SMELTING OF METALS 


LEAD (ZmC, SILVER) 


OCCtTIiRENCE OF INDUSTRIAL LEAD rOISONTN(! IN GENERAL 


Chronic lead-poisoning plays the most important role in 
industrial metallic poisoning, and indeed in industrialpoisoning 
generally. The result every where where inquiry into industrial 
poisoning has been instituted has been to plane the number 
of cases of lead poisoning at the top of the list; foi one case 
of ofliter forms of industrial poisoning there are twenty of 
lead. 

In the last few years a very extensive literature and one 
not easily to be surveyed has grown up on the subject of 
chronio industrial lead poisoning. I cannot attempt as I have 
done with other forms of poisoning to do justice to all sources 
of literature on this subject. , 

As thwe is no obligation to notify industrial lead 
poisoning *—or indeed any form of industrial poisoning— 
in many countries, the most important source of information 
is wanting. Nevertheless more or le.ss comprc\iensive 
inquiries as to the extent of the disease in general have been 
made in different countries and large cities which furnish 
valuable data. 

. idea of the yearly number of cases of lead poisoning 
occurring in Prussia is givqh in the following statistics of 'Uases 
treated in Prussian hospitAls for the years 1805-1901; 

* Poiaoning by lord, pboaphorus, and arsenic contractitd in a fa<3tory or 
wofl^bop has been notifiable in Great Britain and Ireland sinA) 1895. 
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Year. 

Males. 

Fernalos. i 

Total. ^ 

18M 

1120 

4.3 

1163 

» 1899 

1601 

23 

1024 


•nioo 

14 

1523 

1901 

1359 

24 

1383 


The occupation of these cases was as follows : 



j Metallic Lead. 

White Lead. 

raintoTfl. 


3fi4 1 

312 

347 


551 j 

310 

400 

19()0 I 

510 


378 

1901 

408 i 

2h2 

339 


About half the cases, therefore, arc caused by use of white 
lead. The report of the sick insurance societies St the Berlin 
jiaintcrs gives information as to the proportion treated in 
hospit al to those treated at home, which was as 1 ; 4. 

The industries may bo classified according to risk as 
follows 1 ; * 

Whfl e lead workers, 33 per cent. ; red lead workers, 32 per 
cent.; shot and lead pipe workers, 20 per cent.; painters, 
7-10 per cent. ; lead and zinc smelters, 8-9 per cent.; printers, 
O’5 per cent. 

In Austria through the Labour .Statistical Bureau com¬ 
prehensive information is being collected a.s to the occurrence of 
lead poisoning in the most dangerou.s trades, but, is not yet 
published. The reports of the factory inspectors give a very 
incomplete pict .re; for example, in 1905 only fifteen cases are 
referred to. In the most recent report (1909) information of 
lead poisoning is only given for thirty works. Teleky has 
made a general survmy of the occurrence of lead poisoning 
from the reports of the Austrian sick insurance societies,** 
From this we gather, that in Vienna, with an average 
member."hip of 200,000, there wer^ in the five year period 
1902-(?, 634, 66t), 765, 718, 772 easeS of illness inv^lwing 
incapacity from mineral poisons, which Teleky assumes were 
practically all cases of lead poisoning. By ciirsularising 
Austrian sick insurance societie.s outside 'Vienna with 
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membership of about 400,000, Teleky obtained information 
of ] Sf> cases, which he considers too few. 

In .1006-1908 inquiry was made by* the sick insurance 
societies in Bohemia as to the extent of lead poisoning. With 
an average number employed of from 700,000 to 850,000 infor¬ 
mation was obtained of 91,147, and 132 cases in the three years 
in question. The increase in 1!)07 was probably acconn'ced for 
by the greater attention paid to the subject.'^ The number of 
ascertained oases of load poi.soning treated by the .societies 
of Hungary was 225 in 1901 and 101 in 1902. Teleky again 
considers these figures too low, which is proved by Toth ’.3 
publications a.s to lead poisoning in Hungarian lead smelting 
works, and especially Chyzer’s on lead poisoning among 
Hungarian potters. Legge has reported fully in the second 
International Congress for Industrial Diseases in Brussels 
(September 1910) on occurrence of industrial lead poisoning in 
^ Great Britah. in the years 1900 to 1909. During that period 
6762 cases with 245 deaths occurred. The number of cases in 
the course of the ten years had diminished by 50 per cent. 
These figures appear remarkably small, but it has to be borne 
in mind that the statistics referred to related only to cases 
occurfing in factories and workshops, and do not include cases 
among house painters and plumbers. The number of such 
cases which came to the knowledge of the Factory Department 
in 1009 was 241 (with 47 deaths) and 239 in 1008 (with 
44 deaths). 


LEAD, .SILVER, AND ZINC SMELTING' 

Lead- is obtained almost entirely from galena by three 
different processes. In the roast and reaction process galena 
is first roasted at 500°-600“ C. and partially converted into 
lead oxide and lead sulphate : on shutting off the air supply 
and increase of temperature the sulphur of the undeoomposed 
galena unites with the oxygen of the lead oxide and splphateto 
•form sulphur dioxide, whi^e the reduced metallic lead is tapped. 
In thf roast and reduction process the ore is completely cJilcined 
so as te get rid of sulplmrt arsenic, and antimony. The oxides 
(and sulphates) lormed are reduced by means of coke in a blast 
fi^ace. This process is generally applicable aiid is, therefore, 



I 



Fia, 27,—i^'uieJting Furnace, showing mechanical chargii^ and exhaust venti¬ 
lation applied to slag runs, &c. {Locht. Lancaster & W. dr 74 Johnson ds 
Hons, Lid. />,/ pirtnission of the. ControUer of H.M. Slationctit Office. 
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Ihat most in use. The precipitation process oonsi.sts chiefly in 
melting galena with coke and iron flux, jvhereby the lead is 
partly-freed from the sulplmr, and, in addition to lead, iron 
sulphide is formed, whioli acts on the renmining lead sulphide, 
producing a lead matte whicli can be furtlier treated. 

The roast and reaction proces.s is carried out in specially 
constructed rcverlicratory furnaces ; small furnaces with small 
amounts of ore and at as low a temperature as possible are the 
rule in the Klirntner process. In the English process large 
amounts of ore are melted in large furnaces at high temperatures 
so as to oxidise the material. 'I’he so-called Tarnowitz process, 
combines these two—large amounts of ore arc roasted in 
large furnaces at a moderate temperature. In th(! roast and 
reduction process it depends on the nature of the ore whether 
the roasting is done in reverberatory or blast furnaces. 
Generally the ore is in the form of powder—less often in pieces. 
Pyritic ore fbre with much sulphur) is almost always roasted in 
blast furnaces, and the sulphur dioxide evolved can be used in 
the manufacture of sulphuric acid. Open-hearth furnaces arc 
rarely used now. Reverberatory furnaces are emploved most 
freqi^ently. 

The lead thus obtained contains several other*' metals, 
especially silver, copper, arsenic, antimony, iron, zinc, bismuth, 
and tin. Lead containing silver (work-lead) is next de-silverised, 
after which follows refining to get rid of the other impurities. 
For de-silverising work-lead rich in silver (containing about 
10 per cent.) cupellation is practised, in which the silver lead is 
melted oxidised so that the lead is converted into litharge, 
metallic silver remaining behind. In a cupellation furnace 
the flame strikes on the top of the lead bath, and at the same 
time air under slight pressure is driven in ; the litharge which 
forms is removed through suitable openings. Tho litharge 
that is first formed contains silver and is treated again ; the 
remainder is ready for market. After the litharge has run 
off silver appears, containing stiU^5-10 per cen^. of lead, 
• and it is again submitt^ to an analogous refining process. 
Woi^-lcad which dfles‘not contain enough silver'to be 
cupelled at ohee is generally treated first by either the 
PattinsoA or fHe Parkes’ process. 

In the Paltinson crystallising process work?iead is melted in 
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open semi-circular pots : as the pots cool crystals of lead poor 
in silver form on the^surface and are transferred by a perfdtated 
ladle into the next pot: the silver collects in the small amount 
of <nolten lead remaining behind. Lead that has become 
enriched by repeateS crystallisation contains a high percentage 
of silver and is cupelled. The Parlces’ process or zinc 
de-silvlrisalion depends on the formation of a lead-zinc alloy 
which is less fusible than lead. Work-lead is melted and 
agitated with addition of pure zinc. The crust which first 
ri.scs on cooling contains gold, copper, zinc, and lead, and 
is removed. Further addition of zinc is then made : the 
rich silver crust which separates is sub.sequently freed from 
lead by gradual heating in .u reverberatory furnace, and. from 
zinc, in a zinc distilling retort. Other impurities are got rid 
of by o.xidising in reverberatory or other furnaces. Small 
quantities of antimony and arsenic are removed by stirring with 
fresh green sticks. 

Zinc is obtained principally from blende (sulphide of zinc) 
and from calamine (carbonate of zinc). The process of zinc 
recov'cry depends on the production of zinc oxide and reduction 
of this by*carbon to metallic zinc. 

Con^'ersion of the ore to zinc oxide is effected by roasting. 
Since the temperature at which reduction takes place is higher 
than the melting-point of zinc the latter is volatilised (distilled) 
and must be condensed in suitable condensers. 

Calamine is calcined in a blast furnace. Blende was 
formerly roasted in reverberatory furnaces, but such nuisance 
arose to thfc neighbourhood from sulphur dioxj,^ vapour 
that now Hasenclever-Helbig calcining furnaces are used. 
These furnaces furnish a gas so rich m sulphur dioxide that 
they serve at once for the production of sulphuric acid. The 
Hasenclever furnaces consist of muffles placed one above 
another: the finely ground ore is charged through hoppers 
above and then raked down from muffle to muffle. - 

Reduction is carriec^ out in the Belgian or Silesian process 
by strongly heating calcined matte^with coal in retorts. TheJ 
zinc as it distils is caught in special bondensing reoejrtacles 
(prolongs). After distillation is complete the^esidue is raked 
out of the muffle and the furnace charged afr^h. As zinc ores 
generally contain mheh lead, the work-zinc is therefore refis^d 
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by rfmelting in a reverberatory furnace, during which process 
the impurities collect on the zinc as drosa and arc removed by 
agitation with sal-ammoniac or magnesium chloride. 

Risk op Poisoning in Lead, Silver, and Zinc Smelt¬ 
ing. —As the description of the manipulations in smelting 

Open BpAces about 18" wide 



Fio. 28.—Arrangomeut of Spelter Furnace ahowing Voutilnting Hood. 


proce.sses shows, all involve risk of lead poisoning. As a matter 
of fact in lead smelting much lead pagses into the atmosphere. 
Iifthe smelting works at^Tamowitz yearly some 36,000 kilos 
of c»[idised lead escape. “ 

Estimation^ of the amount of lead in air samples collected 
in lead Smelting works have been made. Thus in a cubic 
p?ctre of air immediately over the slag ‘run 'from 0-0029 to 
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0’0056 g. of lead were found, so that a worker in a ten-hour 
day would inhale from 0-013 to 0-026 g. of lead. In a 
cubic metre of air immediately above the Parkes’ melting-pot 
froKi 0-0056 to 0-0090 g. were found, so that a worker would 
inhale daily from 0-0252 to 0-0405 g. if he kept constantly 
close to the pot. On the handles of a de-silveri.ser 0-112 g. 
were found. In Hungarian lead-smelting works the water in 
which the hands had been washed was found to contain 
1-27 g. of lead per litre. The hands of litharge grinders 
and sifters showed the highest amounts. 

^'' Work carried on in lead-smelting works may be divided 
into five classes according to risk. Tliose most exposed to risk 
are the smelters at lead hearths and i-everberatory furnaces, 
persons employed at (he lead and slag runs, flue cleaners, and 
in crushing and packing flake litharge. Next come those 
employed at the refining furnaces, those breaking up the 
roasted ore, blast furnace workers, and those em^oyed at the . 
cupellation process. Attended with danger also is the removal 
of lead ashe.s and distillation of the zinc crust. Less dangerous 
are transport of material, crushing and mixing the ore, re¬ 
fining fhc*work-lead and zinc crust, and work at thePatt^nson 
and Pafkes’ processes. 

In zinc smelting risk of lead poisoning is great, no matter 
which process is in question, because of the high proportion of 
lead in the ore and work-zinc. Swedish blende contains as 
much as 9 per nent. of lead, and Upper Silesian 21 per nent. or 
less. There is risk in calcination, but it is much less than in 
the distillatiosi process.-’’ m*- 

Thore are no quite satisfactory statistics as to the number 
of cases of lead poisoning in smelting works. Never¬ 
theless, a number of recent publications give valuable 
data fop certain smelting works in Germany, Austria, and 
Hungary. 

From details <’ of lead poisoning at Tamowitz it would 
appear tl^at the conditions have materially improved since 
1884, the cases having declined fronj 32-7 per 100 employed in' 
1884 to 6-2 in 1894 and 1895. The f^lloVing figures shoif the 
proportion affected in the different processes inf the years 1901 
and 1902: 
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Process. 


Tear. 

No. Employed. 

Cases. 

Per Cent. 

Reverberatory rurnacc . 

•{ 

1901 

1902 

M 

121 

111 

11 

•1 

8-3 

3() 

Blast l<'urnace 

r 

' L 

1901 

1902 

15,2 

187 

47 

21 

3(A:i 

111 

Cupelling Furnace . 

•{ 

1001 

1002 

12 

12 

1 

1 

8-3 

8-3 

Do-silvorlaiug. 

• { 

1901 

1902 

32 

31 

10 

7 

31-2 

20-5 

Other Employment 

•{ 

1901 

1902 

:k)o 

350 

7 

•> 

2-3 

0-(i 


In one smelting works the percentage attack rate was 17'f 
in 1901, and 27'1 in 1902. Here the number of workers had 
increased from 73 in 1901 to 129 in 1902, and the absolute and 
relative increase probably has relation to the well-known fact 
that newly employed untrained workers become affected. 
Similar incijlonce according to proce.ss can be given for the 
Friedrich’s smelting works during the years 1903-1905 : 


i’roccss. 

Teiir. 

No. Empluycd. 

Cases. 

Per Cent. 



1003 

8f) 

12 *’ 

13-9 

Reverberatory Furnace . . 


1904 

87 

8 

, 9'2 



1905 

S3 

11 

13-3 


r 

1903 

207 

50 

22-1 

Blast Furnace 

! 1904 

232 

24 

10-3 


i 1905 

247 

27 

10-9 


1 1903 

50 

12 

21-4 

Bo-silvcrising. . . . s 

i 1904 

73 

4 

5-5 


1 1905 

75 

4 

6-3 



1903 

10 

4 

25-0 

Cupelling 


1904 

15 

1 

(>•7 



1905 

14 

' 1 

7-1 



1903 

330 

5 

1-5 

Other Employment 


1904 

309 

4 

1-3 



1905 

347 

7 

2-0 


Among 3028 cases of lead poisoning treated between 1853 
and 1882 in smelting works near Freiberg (Saxony) gastric 
symptoms were present in 1541, rheumatic pains in 215, 
cerebral symptoms in 144, paralysis in 58, and lead colic in 426. 

cThe recent reports,of the German factory inbpectors 
point still to rather hi^h incidence in many lead smelting 
works, /rhus'(pU the district of Aix la Chapelle in 1909 there 
jyere sixty casts involving 1047 sick days, compared with 
*58 and'-878 in 1908. 
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In a well-arranged smelting works near Wiesbaden fifty-two' 
apd forty-two cases were reported in 1908 and 1909 respectively, 
among about 400 persons employed. This relatively, high 
nurojper was believed to be closely connected with frequent 
change in the personnel. Introduction of the Huntingdon- 
Hcberlein method is thought to have exercised an unfavour¬ 
able influence. 

Other smelting works in Germany appear to have a rela¬ 
tively small number of reported cases. Thus in 1909 among 
550 workens employed in four smelting works in the Hildosheim 
dwtrict only four cases were reported, and in the district of 
fotsdrim* among 600 smelters only five were found affected on 
medical examination. There is no df'iibt that many of the 
cases described as gastric catarrh arc attributable to load. 
Full information as to the conditioms in Austria is contained 
in the publication of the Imperial Labour Statistical Bureau. 
In this comprehensive work the conditions in smflting works 
are described. In the lead smelting works at Przibram the 
cases had dropped from an average of 38'2 among the 4000- 
5000 persons employed to twenty-two in 1894 and to six in 
1903, but «ily the severer cases are included. No single^case 
has occurreil among the 350-450 persons engaged in mining 
the ore, galena (lead sulphide) is practically non-poisonous. 
It was found, for example, that 50 per cent, of the furnace men 
had (according to their statement) suffered from lead colic. 
Of eight employed in the Pattinson process, seven stated they 
had suffered from colic. The lead smelting works in Gailitz 
showed marke^ frequency of lead poisoning—here the appointed 
surgeon attributed anaemia and gastric and intestinal catarrh 
to lead : 


Tear. 

( 

No. 

Employed. 

Jx’fri) 

Colic. 

IIIucss 0 

Aummia. 

f Safciiruiuc 

GuBtric 

Catarrli. 

Origin. 

Intestinal 

Catarrh. 

Total 

Lead 

Steknoss. 

Total 

Sickness. 

Por Cent, 
duo to 
Load. 

1809 

. ■ 

01 

14 

f 

2 

76 

JO 

lOS 

178 

60-0* 

1000 

» r>7 

0 

2 

16 

,6 , 

29 

80 

36)2 

1001 

+8 

4 

2 

17 


24 

60 

4«'0 

1002 

47 



24 

0 

30 , 

56 

63-6 

1803 

41) 


3 

a 

A 


67 . 

31-6 
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The diminution in the number of cases, especially of cohc, 
is attributable to the efforts of the appojnted surgeon. 

At Selmeczbanya a diminution from 196 cases in 1899 
(50‘7 per cent.) to six (2-2 per cent.) in 1905 had taken p’ace. 
These figures point clearly to the success of the hygienic 
measures adopted in the last few years. 

In the large spelter works of Upper Silesia during tfte years 
1896-1901, among 3780 persons employed, there were eighty- 
three cases of lead colic and paralysis, that is, about 2'2 per 
cent, each year. The following tables show the incidence 
among spelter workers in the works in question from 1902 to 
1905 : 


Illness among Zinc Smelters 


Your. 

Loafl ToUc 
and 

Lead Paralysis, 

Kidney 

Disease. 

Oastrio 

Catarrh, 

Atiioilua 

K Ill'll tri.t- 
tisni. 

No. 

Employed. 

1£M)2 

29 

18 

137 

18 

448 

4417 

1903 

28 

21 

151 

24 

470 

4578 

1901 

44 

23 

181 

35 

59() 

4(177 

1905 

50 

IS 

223 

40 

012 

478!) 

Average 

0-8% 

o-r,%' 

3-7% 

OT.% 


4015 



Illness among C'alctnetis 



Year. 

fvoad Colic 
and 

Lead Paralysis. 

Kidney 

Diseuse. 

Gitfirio 

Outanli. 

Aiucmia 

Uhi'umii- 

llSIll. 

No. 

Employed. 

1902 - 



5 

1 

,78 

114!) 

1!)03 

— 

— 

9 

— 

112 

1087 

1904 

2 

— 

08 

1 

131i 

1140 

1905 

1 

2 

47 

2 

134 

1159 

Avorago 

0-()8% 

0-05% 

2-0% 

0-1% 

10-2% 

1134 


In thirty-two spelter works in the district of Oppeln in the 
year 1905, among 4789 spelter workers proper,^there were 
SO cases of colic, 18 o^ kidney disease, 223 of gastric and 
intt^tinal catarrh, 4® ofjansemia, and 612 of rheumatism, and 
among 1159 balciners 1 case of colic, 2 of kidney disease, 
47 of g&stric iatarrh, 2 of anaemia, and 134 of rheumatism. 
lUases ^are much more numerous in ‘spei^r works where 
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Swedish blende containing lead is worked. It is remarkable, 
however, that in large spelter works in Upper Silesia, where 
for years no cases of lead poisoning were reported, medical 
exaihination showed* that 20-5 per cent, had signs of lead 
absorption. 


White Lead and Lead Colours 

. Manufacture. —The primitive Dutch process consisted in 
placing lead grids in earthenware pots containing dilute 
acetic acM and covering them with tan bark. Fermentation 
ensued with evolution of carbonic a'"d gas and increase in 
temperature. The acetic acid vapour forms, with aid of 
atmo.spheric oxygen, first basic lead acetate, which, by the 
action of the carbonic acid gas, becomes converted into white 
lead and neutral lead acetate. The product is cruShed, sieved, 
and dried. In the German or Austrian process thin sheets of 
luetalhc lead are hung saddle-wise in chambers. Acetic acid 
vapour and carbonic acid gas (produced by burning coke) 
are led in fwm below. The chamber is then sealed and Jicpt 
so for a *onsiderable time. When the chamber is ‘ ripe ’ the 
white lead that has formed is taken out, freed from uncorroded 
lead by spraying, dried, finely ground, and paclred. White 
load comes on the market either as a powder or incorporated 
with oil. Of the remaining lead colours, red lead (PbsOi) is 
much used. It is produced by heating lead o.xide in reverbera¬ 
tory furnaces with access of air and stirring. 

Lead Poisoning in the Manufacture of White Lead and 
Lead Colours 

The manufacture by the German process may be divided 
into three categories according to the degree of risk run : 

1. The «iost dangerous processes are hanging the plates 
m the chambers, work at the filter ptess^ drying, pulverishig, 
and packing by hand. 

2. Less dangerous are transport to tne wasner, wasning, ana 
grinding. 

3. Eelatively'\he least dangerous are casting theaplctes,' 
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transport of them to the chambers, drying, mechanical packing, 
and mixing with oil. < 

The number of oases of lead poisoning in white lead factories 
is often relatively great despite regulations. Casual labotirers 
especially run the greatest risk. This is frequently brought 
out in the reports of the German factory inspectors, who 
connect the high “proportion of oases directly with the large 
number of unskilled workers. Regulations are really only 
successful in factories with regular employment. 

This has been found also in Great Britain, where the Medical 
Inspector of Factories showed that the oases among regular 
workers numbered 6 per cent, and among casual workers 
39 per cent. 

The following table gives partieulars as to the occurrence of 
lead poisoning in the white lead factories in the district of 
Cologne in, 1904, some of which have admirable hygienic 
' arrangements : 


iv'ljioe. 


Cologne I. 
» 1 - 


Colognc II. 


Manafautaro. 


White lead 

Litharge and 
red load 

('hromatc 

White lead, 
litharge, and 
red lead 


No. Employed. 

Cases of Load Foisouiug. 

No. of 

Eoyalar 

Casual 

AveroRu 


Casual 1 

Total 

Cases of 
Gastric 
<';atarrii. 

40 

TiS) 

32 

9 

l(i 

< 

25 

IG 

173 

95 

127 

13 

17 

30 

22 

40 

4 

3S 

5 

1 


7 

70 

62 

49 

3 

4 

7 

15 

14 

2 

11 

— 

__ 

— 

5 

43 

72 

33 


— 

— 

7 

107 

332 

91 

6 

34 

40 

30 

102 

332 

70 

9 

19 

« 

28 

38 


It is worth noting, that cases of lead poisoning have been 
reported in the manufacture of zinc white, as, for example, in 
Bohemia in 1907 and 1908. 

USB OF LEAD COLOURS AND PAINTS (HOUSE PAINTERS, 
DB(^OEATOES, BTC.) 

Use of let^d colours,/espeeially by painters and decorators, 
causes r^elatively much lead poisoning. Apart from ignorance 
of danger on,the part of the worker, and. lack of personal 
^leardiness, unsuitable methods of working alld to the danger, 
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especially dry rubbing of painted surfaces, which gives rise tcf 
much dust containipg lead. Again, the crushing and mifdng 
of lumps of white lead and rubbing lead colours with the 
hand are very dangerous. 

The following German and Austrian figures enable conclu¬ 
sions to be drawn as to the frequency of lead poisoning among 
painters. In the sick insurance societies of Erankfurt-a-M. 
in 1903 of every 100 painters ll'C suffered from an attack of 
• lead poisoning. The similar sick insurance society of painters 
in Berlin has kept useful statistics which are given in the 
following table for the ten years 1900-9 ; 


Year. 

No. of ilenilxirs. 

N'. of 

OjUeS of 

I^uil roiaorung. 

Casfis por 

100 Members. 

1!»0 

3889 

357 

9-18 

1901 

3()1H 

335 

„ 9-26 

1902 

3815 

308 

8*07 

1903 

4397 

470 

10-09 

1904 

.5029 

51(5 

10-26 

1905 

5328 

471 

8-84 

1900 

5355 

347 

0-48 

1907 , 

5173 

379 

7-32 

1908 

4992 

298 

5-97 

19iD 

4781 

285 

5-06 

Avonigo 

4037 

37C-0 

8-11 


This shows that load poisoning among the painters of 
Berlin is happily diminishing, which may be attributed to 
recent regulations. The society, however, complaips in its 
reports that not all cases of lead appear as such in their statistics, 
and believes that all diseases entered as rheumatism, gastric 
catarrh, nervous complaints, heart and kidney disease, should 
be regal ded as associated with lead. The kinds of work in 
which painters suffer most are painting iron girders and 
machines, sheet metal and iron furniture, railway waggons, 
agricultui^l implements^ coach painting, cabinet-making, ship¬ 
building, and the use of red and .,white lead. The use of 
lead colours, lead acetate, and lead ^romate often give isse to 
lead poisoning. Colours containing lead are not infrequently 
used in the textile industry in dyeing, print.'ig, an<> finishing. 
White lead ha^/been used for weighting the v.xft. 
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Teleky has described cases of lead poisoning in which silk 
thread was weighted with acetate of lead. As a consequence 
a number of women engaged in sewing on fringes with the 
thread suffered. The English factory inspectors’ repprts 
describe cases from manipulating yarn ifyed with chromate of 
leadJ 

Chromate of lead and ichile lead are used in colouring oil¬ 
cloth, artificial flowers, paper, rubber goods, pencils. })enh()lders, 
socks, sealing-wax, candles, and stamps. 


USE OF I^EAD IN THE CHEMIOAU INDlr.STEY 

Lead poisoning has been frequently observed in such 
branches of the chemical industry as require large leaden or 
lead-lined vessels and pipes : the persons affected are princi¬ 
pally those engaged in lead burning. 

Risk is considerable in manufacture of lead acetate. 'I’lie 
most dangerous processes are drying and packing the crystals. 

MANUFACTURE OF UUECTKIC ACCTTMULATORS 

• 

'llie manufacture of accumulators begins with tht> casting 
of lead plates, which are then polished and dressed. Next 
follows ‘ pasting,’ that is, smearing the negative plate with a 
paste of litharge, the postive plate being ‘formed’ by having an 
electric current passed through so that the lead is converted 
into spongy peroxide. The wooden boxes in which the plates 
are assembled are lead-lined. ^ 

The most dangerous processes arc casting, wire-brushing, 
and pasting—the latter especially when done by hand. 

In the years 1908'and 1909 among about 761 workers 
employed in the accumulator factories of (Jologne there were 
fifty-six cases of lead colic and seventy-nine of gastric and 
intestinal catarrh. Further figures for German accumulator 
works show that in the two largest accumulator factories in 
.the district of Potsdam employing *142 workers tiiore were 
fifteen cases in 1904. .In^Jlreat Britain, in the ten yearS 1900- 
1909, 286 easel were reported—an average of about thirty a 
year. 
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THE CKEAMIC INDUSTRY 

Risk is present in several branches of the ceramic industry. 
It 's greatest in glazing earthenware, but not infrequent 
also in the porcelain and glass industries. It is impossible 
to deal with the extensive literature on this subject ex¬ 
haustively. A comprehensive and dctailcjl survey of lead 
poisoning in the ceramic industry on the Continent is that by 
' Kaup. Distinction is made between leadless glazes which melt 
at high temperature and lead glazes which have the advantage 
of a low melting-point. Galena and litharge are used in the 
preparation of glazes for common earthenware and red and 
white lead for ware of betier quality. Distinction has to be 
made between a lead siheious glaze for pottery ware, a lead and 
boric acid glaze for stoneware, and a lead and zinc oxide glaze 
for ordinary faience and stoneware. Seegar, the celebrated 
expert, praises the advantage of lead glaze and tl*j use of lead 
in the ceramic industry—it is indeed practically indispensable— 
and speaks of the poisonou.s nature of lead as its only fault. 
The components of the glaze must have definite relation to 
the hardnaes or softness of the body. The higher the propor¬ 
tion of silicic acid in the glaze the harder the firing if will 
stand ; die more the flux materials are in excess the lower will 
the melting point be. 

The most important flux materials are, arranged in order of 
decreasing fusibility, lead oxide, baryta, potash, soda, zinc 
oxide, chalk, magnesia, and clay. 

The glaze h made by first mixing the ingredients dry, and 
then either fritting them by fluxing in a reverberator^ furnace 
and fin.'dly grinding them very finely in water or using the 
raw material direct. In the fritting process in the case of the 
lead gla,zes the soluble lead compounds become converted 
into less soluble lead silicates and double silicates. 

The glaze is applied in different ways—dipping, pouring, 
dusting, blowing, and volatilising. Air-dried and biscuited 
objects are dip]ted; poufing the glaze on is practised in cnajsc, 
ware, Aofing-tiles, &c.; dusting (wi& djy finely ground 
litharge, or red lead) also in common ware? glaze-blbwing 
(aerographing) and glaze dusting on porcelain. .In these 
processes mach^es can be used. Bricks are «nly occasionally 
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•glazed with glazes of felspar, kaolin, and quartz, to which lead 
oxide is often added in very large quantity. Lead poisoning in 
hriclc iporks in view of the infrequent use of lead is not common, 
but when lead is used cases are frequent. ^ Kaup quotes se'i iral 
cases from the factory inspectors’ reports ; thus in three roof¬ 
tiling works examination by the district physician showed 
that almost all the workers were affected. 

Coarse ware pottery is made of pervious non-tran.sparent 
clay with earthy fracture—only a portion of this class of ware 
(stoneware) is made of raw materials which fire white. Such 
ware generally reeeives a colourless glaze. 'I'hc clay is shapetj 
on the potter’s wheel, and is then fired once or, in the better 
qualities, twice. 

Grinding the ingredients of the glaze is still often done in 
primitive fashion in mortars. The glaze is usually composed 
of lead oxide and sand, often with addition of other load com- 
^ pounds as, fw example, in quite common ware, of equal parts 
of litharge, clay, and coarse sand. Sometimes, instead of 
litharge, galena (lead sulphide) or, with better qualities of 
ware, red load or ‘ load ashe.s ’ are used. 

The grinding of the glazes in open mills or even'in mortars 
constitutes a great danger which can be jnevented' almost 
entirely by grinding in ball mills. The glaze material is next 
mixed with water, and the articles are either dipped into 
the creamy mass or this is poured over them. In doing 
this the hands, clothes, and floors are splashed. The more 
dangerous dusting-on of glaze is rarely practised. Occasionally 
mechanmal appliances take the place of hand dipping. Placing 
the ware in the glost oven is done without placing it fir.st in 
saggars. 

In the better qualities of pottery cooking utensils, which are 
fired twice, a less fusible fritted lead glaze is generally used. 
Coloured glaze contains, besides the colouring metallic oxides, 
30-40 per cent, of litharge or red lead. 

As Kaup shows. Continental fajtory inspectors’ reports 
t make only isolated referejices to occurrence of lead poisoning 
in petteries. Insightdnta the conditions in small potteries is 
obtained only from the Bavarian reports. In Upper Bavaria 
ninety-three potteries employ 157 persons who come into 
contact with lead glaze. Eleven cases were Unown to have 
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occurred in the last four years. Teleky found thirty-six oases 
of lead poisoning (mostly among glostplacers) in the records 
of the Potters’ Sick Insurance Society of Vienna 
'•Chyzer has described the striking conditions in Hungary. 
There there are about 4000 potters, of whom 500 come into 
contact with lead glaze. Chronic lead poisoning is rife 
among those carrying on the occupation as a home industry. 
Members of the family contract the disease from the dust in 
the living rooms. This dust was found to contain from 
0’6 to 8'7 per cent, of lead. 

, In the china and earthenware factories in Great Britain, in 
the ten years 1900-0, 1000 oases with fifty-seven deaths were 
reported. 

Manufacture of stove tiles .—The application of glaze to 
stove tiles is done in different ways. The two most important 
kinds are (1) fired tiles and (2) slipped tiles. In the production 
of fired tiles a lead-tin alloy consisting of 100 |Jhrts lead and, 
30-30 parte tin—so-caUed ‘ calcine ’—are melted together in fire¬ 
clay reverberatory or muffle furnaces and raked about when at 
a dull red heat so as to effect complete oxidation. The material 
when codl is mixed with the same quantity of saiiij and 
some salt, melted in the frit kiln, subsequenJy crushed, 
ground, mixed with water, and applied to the previously fired 
tiles. In this process risk is considerable. Presence of lead in 
the air has been demonstrated even in well-appointed ‘ calcine ’ 
rooms. In unsuitably arranged rooms it was estimated that 
in a twelve-hour day a worker would inhale O'6 ;iiamme of 
lead oxide and that 3-8 grammes would collect on thf.clothes. 

^lijyped tiles are made in Meissen, Silesia, Bavaria, and 
Austria by first applying to them a mixture of clay and china 
clay. The glaze applied is very rich m lead, containing 50-60 
parts of red lead or litharge. Generally the glaze is applied 
direct to the unfired tiles and fired once. Figures as to occur¬ 
rence of poisoning in Germany are quoted by Kjiup from the 
towns oL Velten and Jleisson. Among from 1748 to 2600 
persons employed thirty-four case^ wer6 reported in the ^,ve 
years ^901-6. Thirteen cases wert^ reported as occurjjitig in 
the three largest factories in Meissen in 1906. 

From other districts similar occurrence^ of pdisoning is 
reported. In fcohelnia in a single factory in 1906 there wore 
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fourteen cases with one death, in another in 1907 there were 
fourteen, and in 1908 twelve cases ; eight further cases occurred 
among .majolica painters in 1908. 

Stoneware and porcelain .—Hard stoneware on a base ^of 
clay, limestone, and felspar has usually a transparent lead glaze 
of double earth silicates of lead and alkalis, with generally boric 
acid to lower the fuaing-point; the lead is nearly always'added 
in the form of red lead or litharge. The portion of the glaze 
soluble in water is fritted, and forms, when mixed with the in¬ 
soluble portion, the glaze ready for use. The frit according to 
Kaup contains from 16 to 18 per cent, of red lead, and the added 
material (the mill mixing) 8-20 parts of white load ; the glaze 
contains from 13 to 28 parts of lead oxide. The v are is dipped 
or the glaze is sometimes aerograj)lied on. Ware-cleaning by 
hand (smoothing or levelling the surface with brushes, knives, 
&c.) is very dangerous work unless carried out under an 
^efficient exhJUst. Colouring the body itself is done with 
coloured metal oxides or by applying clay (slijiping) or by the 
direct application of colours either under or over the glaze. 
Some of the under-glaze colours (by addition of chrome yellow 
or nitrate of lead or red lead) contain lead and at-e applied 
with the brush or aerograph or in the form of transfer*. 

Plain earthenware is either not glazed or salt glazed ; only 
when decorated docs it sometimes receive an acid load glaze. 

Porcelain receive.s a leadless glaze of difficultly fusible 
silicate (quartz sand, china clay, felspar). Risk is here con¬ 
fined to painting with lead fluxes (enamel colours) containing 
lead. JJjese fluxes are readily fusible glasijes made of 
silicic acid, boric acid, lead oxide, and alkalis, and contain 
much lead (60-80 per cent, of red lead). 

In the glass industry'\e&A poisoning may occur from use of 
red lead as one of the essential ingredients. In Great->Britain, 
in the years 1900-9, forty-eight cases were reported in glass 
polishing from use of putty powder. 

letterprSsss feinting, etc. 

Type metal fsonsists of about 67 per cent, lead, 27 per cent, 
antimony,* and 6 per cent, tin, but sometimes of 75 per cent, 
load, 23 per cent.’antimony, and 2 per cent.'tin. 
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The actual printer comes least of all in contact with lead.' 
yse of lead colours white lead, chromate of lead, &c.) may¬ 
be a source of danger, especially in the preparation of printing 
infe*) from them and in cleaning the printing rolls. A further, 
if slight, danger arises from the use of bronze powder consisting 
of copper, zinc, and tin. The two last-named metals contain 
from 0*1 to 0-5 per cent, of lead, and in the application and 
brushing off of the bronze there is a slight risk. 

The compositor is exposed to constant danger from handling 
the type and disturbing the dust in the cases. This dust may 
contain from 15 to 38 per cent, of lead. Blowing the dust out 
hi the cases with bellows is especially dangerous, and want of 
cleanliness (eating and smoking in the workroom) contributes 
to the risk. 

Type founders and persons engaged in rubbing and pre¬ 
paring the type suffer. Introduction of type-casting machines 
(linotype, monotype) has lessened the danger coMsiderably. ^ 

No lead fumes are developed, as a temperature sufficiently 
high to produce them is never reached. In all the processes, 
therefore, it is lead dust which has to be considered. 

The following figures of the Imperial Statistical Ofiice as 
to occiy;'rencc of lead poisoning among printers in v^ienna 
indicatf the relative danger : 


Ciccupatiuii. 


('orapositors ^ . 

IMntcia 

0a8tev3 and Htereotypors 
Fomaloe employot'. in casting 


Avonvjfi No. 
ot Members, 
lOOi-l'JOO. 

Avftrjuje Jso. 
of Cases, 
1901-11)00. 

rercfltita^fe 
of Civscs, 
lOOl-lOOO. 

3182 

«0-3 

J-8 

809 

20-3 

2-4 

241 

lfl-8 

6i) 

74 

8-17 

1 

10-8 


In Bohemia there is reference to thirty-eight cases in letter- 
press printing in 1907 and twenty-seven in 1908. 

Among 5093 persons treated for lead poisoning between 
the years l898 and 1901 In hospitals m Prussia, 222 were letter-, 
press printers. 

Betv,ccn 1900 and 1909 in Great’Britain 200 cases ol leaQ 
poisoning were reported. 
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VAEIOUS BRANCHES OF INDUSTRY 

The number of industries using lead is very large. Layet 
as long ago as 1876 enumerated 111. We, however, limit (fur- 
selves to those in which the risk is considerable. 

Use of lead beds in file-cutting has given rise to many cases. 
Further, to hardeh the file it is dipped into a bath of molten 
lead. From 3 to 6 per eent. of lead has been found in the dust 
in rooms whore hardening is done. 

Of 7000 persons employed in file-cutting in the German 
Empire in the years 1901-5 on an average 30’5 or 0'43 per 
eent. were affeeted yearly. In Great Britain 211 oases were 
reported in the years 1900-9. 

In polishing precious stones formerly many cases of lead 
poisoning oocurred, the reason being that the polishers oome 
into oontaot with partioles of lead and fix the diamonds to be 
<" polished in a viee oomposed of an alloy of load and tin. Danger 
is increased when the stones are actually poli.shed on revolving 
leaden discs. In Bohemia granite polishing used to be done in 
this way, but is now replaced in many factories by carborundum 
(silicon carbide). *' 

Musical instrument making in Bohemia in tHe years 
1906-8 was found regularly to give rise to cases of lead 
poisoning from use of molten lead in tilling them with a view to 
shaping and bending. In lead pipe and organ pipe w'orks, 
lead burning, plumbing, &c., considerable risk is run. 

Often the causes of lead poisoning are difficult to discover, 
and, Wien found, surprising. Thus shoemakcrsi have suffered 
from holding leaden nails in the mouth. Again, cases in women 
have been reported fro^n cutting out artificial flowers or paper 
articles with aid of lead patterns, or eounting stamp.s printed 
in lead colours. ‘ 


MERCURY 

“ As metallic mercury ^ives off vapour even at ordinary 
temfifratures, poisonilig (/an occur not only in the recovery of 
the metal from the ore, but also in all processes in which it is 
used. ‘ j 

* Chronic industrial poisoning occurs* prilcipally in the 
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MERCUEY AND ITS USE 

preparation and use of mercury salts, m recovery of the metal 
itseH and of other ^netals with use of an amalgam, in water 
gilding, from use of nitrate of mercury in the preparation of 
rafrbit fur for felt ^at making, from use of mercury pumps 
in producing the vacuum in electric filament lamps, and in 
making barometers and thermometers. 

Pbepaeation.— Mercury is obtained by roasting cinnabar 
(sulphide of mercury). When cinnabar is heated with access 
of air the sulphide burns to sulphur dioxide and the mercury 
volatilises and is subsequently condensed. Formerly the 
jirocess was carried on in open hearths ; now it is done usually 
in blast'furnaces. The mercury i.s condensed in Idria in large 
chambers cooled with water, while at Almaden in Spain it is 
collected in a series of small earthenware receptacles (aludels), 
from small openings in which the mercury flows in gutters and 
collects. The mercury so recovered is usually redistilled. 

On the walls of the condensers a deposit o>sulphide and 
oxide of mercury collects, removal of which is one of the* 
operations most attended with risk. 

Recovery of silver or gold by amalgamation with mercury 
is carried* on only in America. The metallic silver or gold 
is tak<*i up by the mercury, from which it is recovered by 
distillacion. 

The conditions in the quicksilver mines of Idria in Austria 
have improved of late years. Thus in the five years prior to 
1886 of 500 cases of illness more than 11 per cent, were due 
to chronic mercurial poisoning. In 1906, 209 persons were 
employed, jf whom only one-third were permanent hands. 
Among those the sickness rate was very high (96-104 per 
cent.). Of 741 cases of iUness among the miners there were 
six of mercury poisoning, and of 179 among persons em¬ 
ployed in recovery of the metal, twelve cases.’ 

The conditions of employment in the ciimabar mines of 
Monte Amiata in Italy have recently been described in detail.® 
Here, alt^iough the recovery of the metal is carried out in 
modern furnaces, thus greatly reducing the danger, nevertheless 
nearly all the furnace workers suS^ i'nom chronic poisoaing. 

In silvering of mirrors the leaf of tinfoil Vas spread out 
on an Inclined table; mercury was poured over it and the 
sheet of glass laid on the top with weights. ^ The superflucuis 
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l&ercury was squeezed out and ran away owing to the sloping 
position of the table. Now this process., even in Fiirth, is 
almost entirely replaced by the nitrate of silver and ammonia 
process. Years ago the number of casss of poisoning ■\^as 
very serious in places where, as in Fiirth, the work was 
carried on as a home industry. 

In the production of incandescent electric bulbs danger arises 
from breaking of the glass pipes of the pumps and scattering 
of mercury on the floor of the workrooms. Since there is 
a growing tendency to replace mercury pumps by air pumps 
such cases ought to become rare. 

In imter gilding —a process little employed now—the 
metal objects (military buttons, &c.) to be gilded, after treat¬ 
ment with a flux, are brushed over with the mercury amalgam, 
and subsequently fired to drive off the mercury. Unless 
careful provision is made to carry away the vapour chronic 
poisoning canftot fail to occur. Even sweeps have been affected 
after cleaning the chimneys of water gilders’ workshops. In 
Great Britain, between 1899 and 1905, six oases were reported 
among water gilders, 

In^the manufacture of barometers and thermometers mercury 
poisoning is not infrequent. Between 1899 and 1905 Sixteen 
such cases were reported in England ; during the same period 
there were seventeen cases among those putting together 
electrical meters. 

Risk of mercurial poisoning is constantly present in hatters' 
furriers’ processes and in subsequent processes in felt hat 
factoi;ies^ The risk from use of nitrate of mercury, is consider¬ 
able to those brushing the rabbit skins with the solution 
(carotting), and subsequently drying, brushing, cutting, 
locking, and packing tfiem. According to Hencke in 100 
kilos of the carotting liquid there are 20 kilos of ihercury. 
In England, in the years 1899-1905, thirteen cases of 
mercurial poisoning were reported in hatters’ furriers’ pro¬ 
cesses. Among eighty-one persons so, employed tho medical 
inspector found twenty-sej'en with very defective teeth as 
the rtsult of the employifient, and seventeen with marked 
tremor. ^ 

In the^ manufacture of mercurial salts poisoning occurs 



ABSENIC AND ITS U^'E • 143 

1 

chiefly when they are made* by sdblimation, as in the 
manufacture of vermilion, of corrosive sublimate (when 
mercurous sulphate is sublimed with salt), and in the prepar- 
at»n of calomel (when sublimate ground with mercury or 
mercurous sulphate mixed with mercury and salt is sub¬ 
limed). Between 1899 and 1905 in England seven cases were 
reported from chemical works. As to occurrence of mercury 
poisoning from fulminate of mercury, see the chapter on 
Explosives. 


ABSENIC 

Chronic indu.strial arsenical poisoning, both as to origin and 
course, is markedly different from tiie acute form. 

The chronic form arises mainly from inhalation of minute 
quantities of metallic arsenic or its compounds in recovery from 
the ore, or from the use of arsenic compounds,’n the manu¬ 
facture of colours, in tanyards, and in glass making. Acute* 
industrial arseniurettcd hydrogen poisoning is especially likely 
to occur where metals and acids react on one another and 
either th^ metal or the acid contains arsenic in appreciable 
amoun^. Further, arseniuretted hydrogen may be confined 
in gases given off in smelting operations and in chemical 
processes. 

Recov3eky of Arsenic and White ' Arsenic. —Pure 
arsenic is obtained from native cobalt and arsenical pyrites 
by volatilisation on roasting the ore in the absence of air. 
After the furnace has been charged sheet iron condensing tubes 
are affixed t6 the mouths of the retorts, which projeSTout of 
the furnace, and to these again iron or earthenware prolongs. 
Arsenic condenses on the sides of tha sheet metal tubes and 
amorphous arsenic, oxides, and sulphides in the prolongs. 
After sublimation has been completed the contents of the 
prolongs are removed and used for production of other arsenic 
compounds; the (generally) argentiferous residues in the retorts 
are removed and further treated in silver smelting worljf; 
finally! the crusts of crystalline arleni(j (artificial fly poyder) 
are knc eked out from the oarefully'unrolled sheet iron^tubes. 

As can be readily understood from the desoriptipn oppor- 
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tunity of poisoning ^om volatilisation of arsenic and of 


arsenic compounds is considerable. Metallic arsenic is used 
for making hard shot, and for increasing the brilliancy and 
hardness of metal alloys (type metal, &c.]. ( 

White arsenic (arsenic trioxidc) is obtained by roasting 
with access of air in reverberatory furnaces arsenical ores and 
smelting residues.. The vapours of white arsenic Sublime 


and are condensed as a powder in long walled channels or 
in chambers, and are rcsublimed in iron cylinders. White t 
arsenic is used in making colours, in glass (for decolourising 
purposes), as an insecticide in tlic stuffing of animals, ifec. 

Industrial Arsenic Poisoning. —In tho extraction oj 
arsenic and preparation of arsenious acid danger is present. 
But reliable accounts in literature of poisoning among those 
engaged in arsenic works are wanting. 

Those engaged in roasting operations and packing suffer 
much from s3:in affections. Similar poisoning is reported in 
the smelting of other arsenical ores—nickel, cobalt, lead, 
copper, iron, and silver, from arsenic compounds present in 
the fumes. This is especially the case in tho smelting of 
tin, which generally contains arsenical pyrites. 

iJ'anger is present also in unhairing (i.e. removing the 
wool from sheep skins), since the skins imported from Buenos 
Aires and Monte Video are treated with a preservative which, 
in addition to sodium nitrate, soda, and potash, contains 
generally arsenious acid. 


In tanneries a mixture of arsenic sulphide (realgar) and lime 
is used for unhairing. Arsenic is used also for preserving 
and stuffing animal furs; but although affections of the skin are 
described I cannot find reference to arsenical poisoning. 

The inspector for East London in 1905 refers to severe 


eczematous eruptions on face, neck, and hands, ^affecting 
workers in a sheep dip works—mainly in the packing of the 
light powder in packets. 


Formerly the use of arsenic in the manufacture of colours 
.wes great, especially of emerald (Schweinfurter) green. This 
is made by dissolving ,ars^niou8 acid in potash with addition of 
acetate of coppfcr. Drying and grinding the material constitute 
the main<danger. Scheele’s green is another arsenical colour. 
. Use of anserlic colours is becoming less aiyi less. But in 
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colour printing of paper and colBuring 5f chalk they are still • 
employed. They are used, too, as mordants in dyeing, but 
cases of poisoning from these sources in recent years are not 
to hs found. 

The dust in many glass works crmtains, it is stated, as much 
as 1’5 per cent of white arsenic. 

Despite the numerous opportunities for aijicnical poisoning 
in industries it is rare or, at any rate, is only rarely reported. 

, Aeseniuretteo Hydeogjsn Poi.soning. —Industrial poison¬ 
ing from arseniuretted hydrogen is caused mostly by inhalation 
of the gases developed by the action on one another of acids 
afld metals which contain arsenic. Hydrogen gas as usually 
prepared for tilling balloons gives occasion for poisoning. 

In Breslau in 1002 five workmen became afl'eoted, of whom 
three died from inhalation of arseniuretted hydrogen gas in 
filling toy balloons.^ 

Eurther, use of hydrogen in lead burning ma^ expose to 
risk, and also preparation of zinc chloride flux. 

Of tliirtv-nine recorded cases of arseniuretted hydrogen 
poisoning twelve were chemists, eleven workers filling toy 
balloons, seupn aniline workers, five load smelters, three balloon¬ 
ists, and ^n one the origin could not be traced. Nineteen of 
these pr' ved fatal within from three to twenty-four days.- 

Cases are recorded (1) in the reduction of nitroso-mcthyl- 
aniline with zinc and hydrochloric acid ; (2) in the prepara¬ 
tion of ziT\c chloride from zinc ashes and hydrochloric acid; 
(3) from manufacture of zinc sulphate from crude sulphuric 
acid and zinc dust; (4) in spelter works in the refining^of 
silver from the'zinc crust with impure hydrochloric acid ; and 
(5) in the formation room of accumulator factories. 

The English factory inspectors’ repert describes in 1906 
occurrence^ of three cases in an electrolytic process for the 
recovery of copper m which the copper dissolved in sulphuric 
acid was deposited at the cathode, and hydrogen at the lead 
anode. In the 1907 report mention is made of two cases, one 
affecting a chemist sepai^iting bismuth from a solution of., 
bismuth' chloridi in hydrochloric aci^, a^d the other (which 
proved fatal) a man who had cleaned a vitriol taifk. ° 

The poisoning resulting from ferro-sflicon is in past refer¬ 
able to develepmfint of arseniuretted hydrogen ;!las. 
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It seems doubtful if industrial poitoning can really be 
traced to antimony or its compounds ; generally the arsenic 
present with the antimony is at fault. «Erbeni consider/ that 
industrial antimony poisoning occurs among workmen employed 
in smelting antimony alloys in making tartar emetic through 
inhalation of fufties of oxide of antimony. 

A case is cited of a workman in Hamburg engaged in pul¬ 
verising pure antimony who was attacked with vomiting 
which lasted for several days, and the inspector of factories 
noted epistaxis (nose bleeding) and vomiting as following fin 
the crushing of antimony ore. 

Compositors in addition to chronic lead poisoning may 
suffer, it is alleged, from chronic antimony poisoning, showing 
itself in diminution in the number of white blood corpuscles 
and marked eosinophilia. These changes in the blood could 
be brought about experimentally in rabbits. Antimony was 
found by the Marsh test in the stools of those affected. 

IRON 

t 

Pig iron is obtained by smelting iron ores in blajt furnaces 
(fig. 29), through the upper opening of which charges of ore, 
limestone or similar material to act as a flux, and coke are 
fed in succession. The furnaces arc worked continuously, 
using a blast of heated air; carbon monoxide is produced 
and effects the reduction of the ore to molten iron. The 
latter accumulates in the hearth and is covered with molten 
sfag f this flows constantly away through an V)pening and is 
collected in slag bogies for removal, or is sometimes cooled in 
water. • 

The crude iron is tapped from time to time, aijd is led in 
a fluid condition into moulds called ‘pigs,’ in which it 
solidifies. Cast iron is occasionally used direct from the blast 
furnace for the purpose of making rough castings, but 
generally it is further refined befo?e being used m a foundry 
by remelting with past^ron scrap in a cupola furnacte. 

‘ WroiightSron is made by treating pig iron in refinery and 
puddling furnaces ; in these much of the carbon is removed 
as carbon mAioxidc, and from the puddling furnace the iron 
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is obtained as a pasty mass which carl be worked into bars, 
rods, or plates. , 

Sied is made in various ways. The Acid Bessemer process 
consists in forcing compressed air in nu^jierous small streams 
through molten cast iron, in iron vessels (converters) which 
are lined with ganistcr, a silicious sandstone. Those can 
be rotated on trunnions. Basic Bessemer .steel is made in 
similar converters by the Thomas-Gilchrist or basic process, 
which can be a})plied to pig irons containing phosphorus.* 
The latter is removed by giving the converter a basic lining 
of calcined magnesium limestone mixed with tar. 

In the Marlin process .steel is obtained by meltinit together 
pig iron with steel scraj), wrought iron sera.]), &f;., on the 
hearth of a Hiemens regenerative furnace with a silicious 
lining. 

In iron smelting the most important danger i.s from blast 
furnace ^rt.s*rieh in carbonic oxide. Sulphur dioxide, hydro¬ 
cyanic acid, and arseniuretted hydrogen gas may possibly be 
present. 

When work was carried out in blast furnaces with open tops 
thft w’orkers engaged in charging ran con.sidcrablfc risk. But 
as the blast furnace gas is rich in carbonic^ oxide and has high 
heating capacity these gase.s are now always led off and utilised ; 
the charging point is closed by a cup (Parry’s cup and cone 
charger) and only opened from time to time mechanically, 
when the workers retire so far from the opening as to be 
unaffected by the escaping gas. The gas is led away (fig. 29) 
^hrjrgh a side opening into .special gas mains, is subjected to 
a purifying process in order to rid it of flue dust, and then used 
to heat the blast, fire the boilers, or drive gas engines. 

Severe blast furnace gas poisoning, how'ever, does occur in 
entering the mains for cleaning purposes. Numerous cases of 
the kind are quoted in the section on Carbonic oxide poisoning. 

The gases evolved on tapping and slag running can also 
act injuriously, and unpleasant eijianations be given off in 
“granulating the slag (by^receiving the fluid slag in water). 

* In the pyddling* prefeess much carbonic oxide is'’ present. 
Other processes, however, can scarcely give rise to poisoning. 

The* 6 astc's^a 3 produced in the Thomas-Gilchrist process is a 
valuable manure on account of the phospl(oru 8 it contains; 
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it is ground in edge runners, and tlien Iteduced to a very fine 
dust in mills and disintegrators. This dust has a corrosive 
action already reteried to in the chapter on Phosphorus and 
Arftficial Manures. • 

The poisoning caused by ferro-silicon is of interest. Iron 
with hi^h proportion of silicon ha,s been made in recent years 
on a large scale for production of steel. iSome 4000 tons of 
ferro-silicon are annually exported to Great Britain from 
France and Germany. It is made by molting together iron ore, 
quartz, coke, and lime (as flux) at very high temperature in 
electrical furnaces, d’he coke reduces the quartz and ore to 
silicfu) and metal with th(; production of ferro-silicon. Certain 
grades, namely those witi; about 50 per cent, silicon, have 
the property of decomposing or disintegrating into powder 
on exposure for any length of time to the air, with produc¬ 
tion of v(!ry poisonous gases (containing phosphoretted and 
arseniuridted hydrogen. 'I’he iron and quartz Sften contain 
phosphate- , which in ])re.st>nce of carbon and at the high 
temperature of the electrical furnace would no doubt be 
converted into pho.spjiides combining with the lime to form 
calcium phosphide ; similarly any ar-scnic pre.sent wou'd jjeld 
calciumfirsenide. These would be decomposed in presence of 
water .uid evolve phosphoretted and arseniuretted hydrogen 
gas. In addition to its poisonous properties it has also given 
rise to explosions. 

[In January 1905 fifty steerage passengers were made 
acriousl' ill and eleven of them died. In 1907 five passengers 
died on a Swe^sh steamer as the re-iult (,f poisonous gasqsrpi yen 
off from ferro-silicon, and more recently five lives were lost 
on the steamc” Anton carrying the material from Antwerp to 
Grimsby.* 'i his accident led to full investigation of the 
subject by Dr. Copeman, F.R.S., one of the Medical Inspectors 
of the Local Govervimont Board, Mr. S. R. Bennett, one of 
H.M. Inspectors of Factorie.s, and Dr. Wilson Hake, Ph.D., 
P.I.C., in »hich the conclusions arrived at are summarised as 
follows: 

1. Numerous accidents, fatal and otherwise, hSive been Saused 
within the last few years by the escape of poisonous an(iexplosive 

• ‘ On thu tiat uiS, Usos, and Manufaemre of .Forro-aiifeon,’ 1909. Cd. 4966? 

‘ d • 
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gases from consign/nents if ferro-silioon, whicli, in every 
instance, have been found to consist of so-called high-grade 
ferro-silicon, produced in the electric furnace. 

'2. These accidents, for the most part, have occurred du^j-ng 
transport of the ferro-silicon by water,*'whether in soa-going 
vessels or in barges and canal-boats plying on inland waters. 

3. These accidents have occurred in various countries and 
on vessels of different nationalities, while the ferro-silicon 
carried has, in almost every instance, been the product of a 
different manufactory. 

4. Ferro-silicon, especially of grades containing from 40 per 
cent, to 60 per cent, of silicon, is invariably found to evolve 
considerable quantities of phosphoretted hydrogen ^as, and, 
in less amount, of arseniuretted hydrogen, both of which are 
of a highly poisonous nature. A certain amount of the gas 
evolved is present, as such, in the alloy, being ‘ occluded ’ in 
minute sjiaces with which its substance i,s often jicrmeated. 

5. As the result of careful investigation, it has been shown 
that certain grades of ferro-silicon—notably such a.s contain 
about 33 per cent., 50 jier cent., and 60 jier cent, of silicon— 
even when manufactured from fairly pure constituents, are 
both brittle and liable to disintegrate spontaneously, thi.s latter 
jjiaraoteristic being apt to be specially marked in tlife case of the 
30 per cent, grade. 

All these grades are commonly employed at tlie present time. 

6 . In the event of disintegration occurring, the amount of 
surface exposed will, obviously, be greater than if the mass were 
solid. 

7. Evolution of poisonous gases is greatly increased by the 

action of moisture, or of moist air, under the influence of which 
j.ilwsphoretted hydrogen i.s generated from calchun phosphide, 
which, in turn, is formed, in large part, at any rate, from the 
calcium phosphate present in anthracite and quartz, at the high 
temperature of the electric furnace. If spontaneous disinte¬ 
gration of the alloy also occurs, much larger quantifies of gas 
would be given off from such friable and unstable material, 
other conditions being equal. The greater or less tendency of 
a given sample to evolve poisonous gases, and even a rough 
estimate of their probable amount may be arrived a^ by the use 
(jf test-papers prepared ^dth silver nitrate. • 

»8. There* is no evidence that low-grade ferro-silicon (10 to 
16 percent.), produced in the blast-furnace, has ever given rise 
to accidents ^f similar character to those known to have been 
caused by the high-grade electrically produifjd alloy. Blast- 



THyj 15KAfciH IJNUUSTlti: 


161 


furnace ferro-silicon (loes not ^olve jfiisonous gases even in 
. prosoncc of moistui’e. 

9. As regards ferro-silioon produced in the electric furnace, 

•'he evidence available goes to show that certain percentage 
grades arc praoticalTy quite innocuous. This statement applies 
to grades of alloy of a silicon content up to and including ,30 per 
cemt, and jjrobably also, though in considerably less degree, to 
those of 70 j)cr cent, and over. * 

10. Tti view of the fact that the use of ferro-silioon of grades 
rani'ing between 30 per cent, and 70 per cent, apparently is not 
essential in metallurgical operations, with the possible exception 
of basic steel manufacture, it will be advisable that the produc¬ 
ts-n eff this alloy of grades ranging between these percentages 
should be diseontimicd in the future. 

11. The proprietors of iron and ,.oeol works making use of 
ferro-silioon \vill assist in the protection of their workpeople, 
and at tli(' same time act for the public benefit by restricting 
their orders to grades of this material, either not exceeding 
30 per cent., or of 70 jicr cent, and upwards, according to the 
special nature of their requirements. 

12. flat as, ponding international agreement on the question, 
intermediate percentages of fcrro-silicon will doubtless continue 
to be imftiufacturcd and sold, the issue, by the Hoard of UVadp, of 
specie 1 regulations will be nec^cssary in order to obviate, so far as 
mat be possible, chance of further accidents during the transport 
of this substance. 

Ivt'r alia, these regulations should require a declaration of 
the nature, percentage, date of manufacture, and place of origin 
of any such consignment. 

Th(! suggested regulations arc printed on ]>. 291.] 

ZINC 

Industrial poisoning from zinc is unknown. The ch.ronic 
zinc poisfming among spelter workers described by Schlockow 
with nervous sym 2 )tonis is undoubtedly to bo attributed to 
lead. 


COPPER : BRASS 

Occarrenct brass-founder’s d^e^.-rOpinion is divided as 
to whether pure cf'pper is poisonous or not. Lehmalm has 
at any rate shown experimentally that as an industrial poison 
it is withe it importance. 
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Occurrence, however, of btass-foun^er’s ague ia undoubtedly 
frequent. Although neither pure zinc noi pure copper give rise 
to poisoning, yet the pouring of brass (an alloy of zinc and 
copper) sets up a peculiar train of symptoms. As the symp¬ 
toms are transient, and medical attendance is only very rarely 
sought after, knowledge of its frequency is difficult to obtain. 

Sigcl.i who has experimented on himself, believes that the 
symptoms result from inhalation of superheated zinc fumes. 
In large well-appointed brass casting shops (as in those of' 
Zeiss in Jena) incidence is rare. 

Lehmann - very recently has expressed his decided opinion 
that brass-founder’s ague is a zinc poisoning duo to inhalation 
of zinc oxide and not zinc fumes. This conclusion he came to 
as the result of experiments on a workman predisposed to 
attacks of brass-founder’s ague. Lehmann’s surmise is that the 
symptoms are due to an auto-intoxication from absorption 
^of dead epitfielial cells lining the respiratory tract, the cells 
having been destroyed by inhalation of the zinc oxide. He 
found that he could produce tyj)ical symjitoms in a worker 
by inhalation of the fumes given off in burning j)ure zinc. 

^etal picMing .—The object of metal dipping‘is to give 
metal object.s, especially of brass (biu^kles, lamps,' electric 
fittings, candlesticks, &c.), a clean or mat surface and is 
effected by dipping in baths of nitric, hydrochlori(% or sulphuric 
acid. Generally after dipping in the dilute bath the artiole.s go 
for one or two minutes into strong acid, from which injurious 
fumes, especially nitrous fume.s, develop with occasionally 
fq.] ^.l-^ ect (sec the chapter on Nitric Acid). IJpfortunately, 
there arc no references in the literature of the subject as to 
the frequency of such attacks. 

Recovery of gold and silver has been already referred to 
in the chapters on Mercury, Lead, and Cyanogen. 

Mention must be made of argyria. This is not poisoning in 
the proper sense of the word, a.s injury to health is hardly 
caused. Argyria results from absorptjpn of small do.sf!s of silver 
saAts which, excreted in the form of reduced metallic silver, give 
the Skin a shiny black*colcfur. Cases are most frequently seen 
in Bilve"ers of glass pearls who do the work by suction. 
Local argyria has been described by Lewin in silvering of 
ifiirrors and in photographers. 



III. OCCURRENCE OF INDUSTRIAL POISON¬ 
ING IN VARIOUS INDUSTRIES 

The most important facts have now been stated as to the 
oocurrepcc of poisoning in industry, and there remain only a 
few gaps to fill in and to survey briefly the risks in certain 
important groups of industry. 

TREATMENT OF STONE AND EARTHS 
Lime Burning: Glass Industry « 

Lead poisoning in the ceramio industry (earthenware, 
porcelain, glass, polishing of precious stones, &c.) has been 
dealt nith in detail m the chapter on Load. There is further 
the possibility of chrome-ulceration, of arsenic poison'ng and 
conceivably also of manganese. Further, poisoning by carbonic 
oxidf .md carbon dioxide may occur from the escape of furnace 
gases uhere hygienic conditions are bad. In charging lime 
kilns poisoning by carbonic oxide has occurred. The report 
of the Union of Ghemical Industry in 1906 describes the case 
of a Workman who was assisting in filling the kiln with lime¬ 
stone. As the furnace door was opened for the purpcajj^aas 
escaped m such amount as to render him unconscious. He 
was picked up thirty minutes later, but efforts at resuscitation 
failed. 

Carbonic oxide poisoning, again, may arise from the use 
of Siemens regenerative furnaces, especially glass furnaces : 
details are given in the chapter on Illuminating Gas. 

Hydro^uoric acid is,present as an industrial poison in 
glass etching isce Fluorine Compoui^). Persons employed in' 
this process surfer from inflammatiAi of the respiratory^ tract 
and ulceration of the skin of the hands. I could not find any 
precise statement as to the frequency of the occurrence of 
such injuries. /Jse of sand-biasring to roughen the surface of 
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glass has to some exte/t takeii the plac6 of etching by hydro¬ 
fluoric acid. I 

TREATMENT OP ANIMAL PRODUCTS 

« 

In tanning use of arsenic compounds for detaching the 
wool from skins and of gas lime for getting rid of hair may 
cause injury to health. With the latter there i.s poss5ibility 
of the action of cyanogen compounds (see the chapters on 
Arsenic and Cyanogen). 

PREPARATION OP VEOETABLE POOD STUPPS AND THE LIKE 

In fermentation processes as in breweries and the sugar 
industry accumulations of carbonic acid gas occur, and suffoca¬ 
tion from this .source has been repeatedly described. Mention in 
this connection should be made of the use of salufer containing 
some 2 per cent, of silicofluoric acid a,s a preservative and anti- 
aseptic in beer brewing. In the mlphuring of hops, wine, &c., 
the workers may run risk from the injurious action of sulphur 
dioxide. Arsenic in the sulphuric acid used for the production 
of dextrine may set up industrial poisoning. Poisoning from 
amt^onia gas can occur in cold storage premises. •Industrial 
poisoning from tobacco is not proved, but the injuriovs effect 
of the aroma and dust of tobacco—especially in women—in 
badly arranged tobacco factories is probable. 

WOOD WORKING 

Injurious woods. —In recent literature there are’ several 
ipt^^ting references to injury to health from certain poisonous 
kinds of wood—skin affections in workers manipulating satin- 
wood, and affections of the heart and general health in workers 
making shuttles of African boxwood. Details of the,se forms 
of poisoning are reported from England and Bavaria. The 
wood used for making the shuttles was West African boxwood 
(Gonioma Kamassi). It appears that the wood contains an 
alkaloidal poison which affects tlje heart’s action. The 
•vforkers suffered from headache, feeling of sleepiness, lachryma- 
tion? j3or3^a, difflculty of breathing, nausea, and weakness. 
Four workers had to give up the work because of the difficulty 
in breathing. Inquiry was made by Dr. John Hay of 
Liverpool in 19(^8 and by the medical inspeejor of factories 
inj.905f^ The following table shows the symptoms found: 
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i'ersons Examined. 


Syiriptoms. 

Number 

31)05. 

i’cT cent. 

1907 

Number. | 

-1908. 

Pef Oout. 

(1) , 

C.') 

(:0 

(0 1 

(r>) 

Hoadaoho ..... 

27 

24-1 

18 

22-8 

Fcoliti^ of somnolence . 

10 

0-0 

17 1 

21-fi 

Kunnin^ of .... 


11*6 , 

9 j 

11 3 

Running of nose .... 

28 

25-0 

20 1 

28-0 

Breathing affected 

31 

30-4 

13 1 

lC-4 

Nausea or siekriosg 

13 

11-6 

3 i 

3-8 

Faintness or weakness . 

11 

<)•() 

1 

1-2 


liie later inquiry shoAvs considerable diminution in the 
amount of complaint as to lespiratoi’v trouble. This may have 
been due to the improved conditions of working, freely acknow¬ 
ledged by the men. Men were examined who had complained 
of the effects of the Avood in 1905, and had continued uninter¬ 
ruptedly at the same kind of work during* the interval,^ 
without any obvious further injury to their health, although 
they j)reft rred working on other Avoods. 

East Indian boxwood had to be discarded in the shuttle 
trade owir% to its irritant action on the eyes. Sabicu w"'.od 
from Ouba was stated to give off ‘ a snuffy dust under the 
machijie and hand planes, the effect of Avhich upon the worker 
is to cause a running at the eyes and nose, and a general feeling 
of cold in the head. The symptoms pass off in an hour or so 
after discontinuance of work.’ Reference was made in the 
report for 1900 to eczematous eruptions produced by so- 
called Borneo rosewood, a wood used OAving to its briUjiyi^ 
coloAir and exquisite grain in fret-saw work. The Director 
of the Imperial Institute experimented Avith this wood, but 
failed to discover injurious properties in it. At the same time 
experime.its with the wood and sawdust of East and West 
Indian satinwood wore undertaken, but also without result. 

From inquiries subsequently made it appeared that much 
confusion existed as to 41 ie designation ‘ satinwood,’ as under 
this name were classed both East and Wert Indian satinwood 
and also satin walnut. The evidlnce^ was clear that East 

* A 

Indian satinwood was more irritating than West Indian. 
Satin waln.'-t wood is apparently harmless. In ftie ship¬ 
building yard ■■ ^f EaSt London, Glasgow, and Bristol affection? 
of the skin were recognised, but susceptibility to tlio wowf, 
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varied. One man assl^rted ti'at merely laying a shaving on 
the back of his hand would produce a sore place. The injurious 
efiects here seem to disappear quickly. Exhaust ventilation ’j 
applied, hut there is a tendency to give uji' the u.se of the wood. 

Isolated oases of illness have been ascribed to working teak 
and olive wood. In Sheffield the following are held^ to be 
irritating : ebony," magenta rosewood, West Indian boxwood, 
cocos wood. Some kinds of mahogany are said to affect the 
eyes and nose. 

Use of methylated spirit in polishing furniture h said to 
lead to injury to health although not to set up actual poisoning. 
Lead poisoning can occur from the sand-}>apering of''coat.s of 
paint applied to wood. 

In impregnating wood with creosote and tar the effects on 
the skin noted in the chapter on Tar are observed. 

TEXTILE nroUSTRY 

In getting rid of the grease from animal woo! carbon 
bisulphide or benzine may be used. 

The process of carbonising in the production of sjioddy may 
gi'^'rise to injury to health from acid fumes. Lead poisoning 
used to be caused by the knocking together of the leaden 
weights attached to the Jacquard looms. This is a thing of 
the past, as now iron weights are universal. 

Opportunity for lead poisoning is given in the weighting of 
yarn—e.specially of silk with lead compounds. 

In bleaching use of chlorine and sulphur dioxide has to be 
twiffiS'in mind. 

In chemical cleaning poisoning by benzine may occur. 

In dyeing and frintmg use of poisonous colours is lessoning, 
as they have been supplanted by aniline colours. On occurrence 
of aniline poisoning in aniline black dyeing see the section on 
Aniline. Use of lead colours and of chromate of lead are dealt 
with in special sections. 



I’AR'l' 11 

THP SYMPTOMS AND TREATMENT OF 
INDUSTRIAL POISONING 

In this section the most important diseases and symptoms 
of industrial poisoning will be described. In doing this— 
considering the mainly practical purpose of^ this book— 
theoretical toxicological details and any full discussion oV 
dispiib'd scientific points will be omitted. 

I. INTRODUCTORY 

II therto in this book we have intentionally followed the 
inductive method, from the particular to the general: we 
began by citing a number of important instances of industrial 
poisoning, but only now will endeavour be made to give a 
definition of the terms ‘ poison ’ and ‘ poisoning.’ 

Attempts at such definitions are ntimerous ; every old and 
new text-bo6k of toxicology contains them. A few oniyIBM 
good for. our purpose. It is characteristic that Lewin, after 
attempting a definition of the conception ‘ poisoning,’ himself 
rejects it and declares that he can see no practical disadvantage 
in the impossibiluy of defining this notion, because deductions 
based upon the knowledge of undoubted cases can never be 
dispensed with, even if a definition were possible : one justi¬ 
fication tRe more for our*inductive method. 

Bitt we w i'' not quite dispense \i|th q definition. 

PoiFtons are certain substances which are able chernitally to 
act on an organism in such a way as to effect a ’permanent 
or transient injury to its organs and functions; an injuvy 
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consequently to the he0h anS^ell-hein^ of the person affected; 
this injury we call poisoning. * 

In, the present book we have refrained from including 
industrial infections among industriaUpoisonings, and Ihe 
subject has been limited to poisoning in the restricted and 
current sense of the word. 

An industrial 'poison is a poison employed, produced, or 
somehow occasioned in industrial occupation, which is brought 
about inadvertently, and consequently against the will of the » 
person poisoned. 

From a simple survey of the action of industrial pbisons in 
general we may group them as follow,s : 

1. Poisons which act svperficially, i.e. which cause in the 
organs which they touch gross anatomical losions 
(irritation, corrosion, &c.)—so-called contact-effect. To 
this tflass belong especially irritant and corrosive 
poisons. 

2. Blood poisons, i.e. poisons which are absorbed by the 
blood and change it; this change can affect either 
the blood colouring-matter, with w'hich certain poisons 
form chemical compounds, or the blood caipuscles 
themselves can be altered or destroyed (for instance, 
poisons having a hsemolytic action). 

3. Poisons with definite internal action, so-called remote 
or specific effect. To this class belong the poisons 
which, after being absorbed into the system, act upon 
definite organs or tissues in a specific manner (nerve 
poisons, heart poisons, &c.). 

It is indeed possible for one and the same poison to display 
two or all three of these modes of action. 

The effect of poison depends upon an interaction of the 
poison and the organism, or its single organs. Selection as 
regards quality and quantity is a property of the organism as 
well as of the poison : the nature apd amount of J;he poison 
tnken in are determining factors on the one side, and on the 
othdr the constitutisn, Isize, and weight of the Affected 
organism. The chemical constitution of the poisonous sub¬ 
stance de\iermines the qualitative property of the poison. 

* Further, certLin phvsical properties of the prison determme 
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its action, especially ift form, sqlubility ^ water, and its power 
iof dissolving fat. These afiect|ts susceptibility to absorption, 
^ which point we shall retilm shortly; the hygrpscopic 
opacity of a poisoj^produces a highly irritant and corrosive 
action. 

Industrial poisons can be absorbed (1) as solid substances, 
(2) a8*liquids, and (3) as gases. Since industrial poisoning, as 
defined above, is of course neither dosirod nor intended by the 
sufferer, who unsuspectingly takes into his system poison used 
or developed in the factory, solid substances in finely divided 
(Audition—in the form of dust—can be considered as industrial 
*poi ^onst Accordingly, industrial poisons can be classed as due 
to dust, gases, and liquids. 

The poison may be introduced into the body through the 
functional activity of the organism by the lungs or alimentary 
tract, or it may penetrate the uninjured or injured surface of 
the skin. 

Industrial poisons which contaminate the air of the factory 
are inhaled—these are consequently either poisonous dusts 
or gases and vapours. v 

As a rule, only industrial poisons in a liquid fo^’m 
througlji the skin, which may be either intact or w ounded; 
gast c is poisons seldom do ; poisons in the form of fat or dust 
can only pass through the skin after they have been first 
dissolved by the secretions of the skin or of a wound, so that 
they come to bo absorbed in solution. Most frequently 
those liquid poisons which are capable of dissolving the 
fat of the skin are thus absorbed, and next, such liquids 
as have a 'corrosive effect, breaking down the resistance 
of the skin covering and producing an inflamed raw surface. 
But such p'lisons much more easily ehter through the mucous 
membrane, as this naturally offers a much weaker resistance 
than the skin. 

From a quantitative point of view it is especially the 
amount of poison actively assimilated which determines the 
effect. Every poison is without effect if assimilated in corre 
spond.ngly small quantities. Therdiis consequently a minimum 
poisojinii.s; dose, after which the poison begins ^o act; b\it this 
minimum dose can only be ascertained and specified when 
the qualitative properties and the weight of»the organism afe 
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also taken into consideption ; Ut has thdrefore a relative value. 
The strongest effect wiiich a j’oison is abh to produce is the 
destruction of the life functii'ms of the organism, the fat^ 
effect. This fatal dose, however, can^only be determined 
relatively to the qualities of the organism in question. 

Not only is the absolute quality of the poison of decisive 
significance, but the degree of concentration often influences 
its action, that is to say, the greater or less amount of effective 
poison contained in the substance conveying it into the 
organism ; concentration plays an important })art in many 
industrial poisons, especially, as is obvious, in corrosihe 
poisons. 

A further important j)oint is the time which it takes to 
absorb the poison. The action of the poison—the whole expres¬ 
sion of the s^’mptoms of poisoning—is es.sentially influenced 
by this fact. 

Usually gredual and repeated absorption of small quantities 
‘produces slow onset of symptoms, while sudden absorption 
of larger quantities of poison brings about rapid onset of 
illness. In the former ease the poisoning is called chronic, 
’xi.,^e latter, acute. Acute industrial poisoning is sometimes 
so sudden that the affected person cannot xvithdraw Jiimself 
in time from the influence of the poison, nor prevent its entrance 
in considerable quantities into hi.s .system ; this is often caused 
by the fact that the effect of the poison is so rapid that he is 
often suddenly deprived of power to move or of consciousness, 
and remains then expo.sed to the action of the poison until help 
comes. Such accidents are mostly caused by poisonous gases. 
’ Ob^ionally also considerable quantities of poisof. enter quite 
unnoticed into the body, such as odourless poisonous gases in 
breathing, or poisonous diquids through the skin. In chronic 
industrial poisoning unsuspected accumulation of, poison 
takes place, until symptoms of illness ultimately reveal 
themselves ; as the first stages of poisoning arc not recognised 
in time by the person affected, he continues exposed to the 
iofluence of the poison for weeks, months, even years, until the 
chromic effect has reac^edjits full development and b^t!ome8 
obvioits. Suclf insidious industrial poisoning arises through 
the continual absorption into the lungs or stomach of small 
quantities of poisonous dust, gases, and vapours, during 
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constant or frequent'work ii6 an aijposphere containing 
s^^sBch gases; poisonftus liquids |also, by soiling hands and 
K'od,‘ or by penetrating the skim can produce slow industrial 
poisoning. 

Industrial poisoning which in respect of its duration 
stands midway between acute and chronic is called sub-acute 
poisoning. This u.sually means that more frequent absorption 
of greater quantities of poison has taken place, though not in 
•dose.s large enough to produce an immediately acute effect. 
This is important legally because industrial poisonings caused 
through the sudden absorption of poison in sufficient quantity 
to act inlmediatcly or to bring about subsequent symptoms 
of poisoning, are reckoned as accidents. Thus acute and 
many .sub-acute industrial poisonings are accounted accidents. 
Chronic industrial poisonings, acquired gradually, count as 
illnesses. But as in certain oases it cannot be decided whether 
sudden or gradual absorption of the industrial‘poison is in 
question, olds distinction is an unnatural one. It is also un¬ 
natural in the legal scn.se, for there is often no material reason 
for regarding as legally distinct oases of chronic and acute 
industrial jlbisoning. To this we shall refer later in discussp^ 
the question of in.suranoe against industrial poisoning. 

We have from the outset assumed that the effect of the 
poison depends not only on the nature of the poison itself, 
but also on that of the organism, considered both quantitatively 
and qualitatively. 

Sign) leant in a quantitative respect is the body weight of 
the organism, and the fatal dose of the poison must bo asegr- 
tained and stated in connection with the body weight, calcu¬ 
lated as a rule per kilo of the live weight. 

The qualitative point of view must rdokon with the differing 
susoeptibi-Uty of organisms for poison. Tins varying suscepti¬ 
bility to the action of poison, the causes of which are very 
obscure, is called disposition. 

DifPereq|. species (of animals and men) exhibit often very 
oifierent degrees of susceptibihty towards one and the .same« 
poison ■,°the dillcrences in this respedi ar® often very eonsidfer- 
able, ai.d one cannot simply transfer the experience experi¬ 
mentally gained from one species of animal to man or’another 
species of animal, without further experiment. Besides dis- 
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position, sex, and sifill morf age, oftfen determine within the 
same species marked differePice of susceptibility to a poison. 
Further, there is an indivic|ual disposition due to qualitioj 
peculiar to the individual, Vhich mal-es some persons n*ore 
than usually immune and others specially susceptible. Indi¬ 
viduals weakened by ilhiess are particularly susceptible to 
poisoning. TVo diseases, in especial, favour the operation 
of poison, influencing disastrously the capacity for assimilating 
food, and reducing the general resisting power of the body ; 
of these tuberculosis stands first. 

Individual disposition plays in industrial poisoning a 'part 
which must not be under-estimated ; it determines the possi¬ 
bility of acclimatisation to a poison ; some individuals capable 
of resistance habituate themselves—often comparatively easily 
—to a poison, and become, up to a certain limit, immune 
against it, that is, they can tolerate a quantity which would 
be injurious' to others not so accustomed. With other indi¬ 
viduals, however, the opposite effect is apparent. Repeated 
exposure to the action of the poison leads to an increased 
susceptibility, so that acchmatisation is not possible. Innate 
kjpDer-sensitiveness of the individual towards a poison is 
called idiosyncrasy. Frequently, for example, this quality 
shows itself as hyper-sensitiveness of the skin towards the 
harmful action of certain poisons. A marked lowering in the 
sensitiveness, innate or acquired, of the organism towards a 
poison is called immunity. 

The possibility of the absorption and action of a poison 
presupposes—speaking generally—its soluhilit;^', and indeed 
its solubility in the body juices. 

In general, poison ban be absorbed at very different points 
of the body ; so far as industrial poisons are conce’-ned, these 
are the mucous membrane of the respiratory passages, the 
mucous membrane of the digestive tract, and the skin, intact 
or broken. The rapidity of absorption depends on the nature 
•-of the poison, of the individual, and the channel of absorption. 
Of* industrial poisons g^ses are relatively the most-'quickly 
absorbed ; sometimes indeed so swiftly that the effect follows 
almost immediately. 

Eliminatioif of industrial poisons ie effected principally 
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by the kidneys, the in^festinal 'a'Jial, the respiratory organs, 
and, more rarely, tne skin. I'apidity of elimination also 
a. nends on the nature of the poison and of the person 
poisoned. 

If elimination is insufficient, or absorption takes place more 
quickly than excretion, the poison accumulates in the body, 
and has a cumulative, effect which in chronic industrial poison¬ 
ings play.s a very important role. Under certain ciroum- 
•tancos poisons arc not thrown off, bat stored up—fixed— 
in the body. 

i'he poison ab.sorbcd in the body can act unchanged from 
the place "where it is stored. A number of poisons, however, 
und<!rgo in the organism chemical change through which the 
action of the pcjison is partly lessened, rarely increased. Among 
such changes and eakening of the poison are : oxidation, as, 
for example, of organic poisons into their final products 
(carbonic acid, water, &c.), oxidation of benzene Snto phenol, 
oxidation .)f sulphur dioxide into sulphuric acid, &c. ; reduc¬ 
tion m the !!ase of metals, peroxides, &c. ; neutralisation of 
acids by alkaline juicc.s ; chemical union (for instance, of aro¬ 
matic com|,^und.s with sulphuric acid). The splitting up. ± 
albuminous bodies is not of importance in regard to industrial 
poisons. 

GENEllAL llEMARKS ON THE TREATMENT OF INDUSTRIAL 
POISONINGS 

Although in industrial poisoning the importance of trea.t-., 
ment is small m comparison with that of preventive measures, 
in di.scu.ssing particular forms of poisoning, full weight must 
be given to it: and in order to avoid repetition, certain points 
will be bre ught forward here. 

Of the treatment of chronic industrial poisonings not 
much in general can be said; unfortunately, special treat¬ 
ment has o:^,en little change. It will usually be of advantage 
to maintain the activity of the excretory organs. So far as 
there is question jf poisons affecting mfel afcolism and injuriou'sly 
influencing (he general state of nutrition, treatment aiming at 
improving the general health and strength offers liope of 
success. Rur nervous symptoms, especially paralysis, disturb- 
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ance in sensation, treat! lent generally suitable to nervous 
diseases can be tried (eleol i,'o-theraj,euCios, baths, &c.). In 
treatment of acute indusWial poisonings, which often de¬ 
mand the prompt interventfcn of layilten, ‘ first aid ’ is more 
hopeful. 

The most important general rules of treatment arise in 
reference to irritant poisons which produce ulceration of the 
skin, and further iii regard to those poisons which cause 
unconsciousness, especially blood poisons. , 

AVhen an irritant poison is acting on the skin, the first 
object to be aimed at is naturally the immediate removal 
of the cause of corrosion by water, or, better still, neutra¬ 
lisation by an alkaline solution (for example, soda solution) in 
the case of corrosive acids, and weak acids (organic acids, acetic 
acid, citric acid) in the case of caustic action by alkalis. Such 
remedies must be at hand in factories as part of the equip¬ 
ment for firf.fc aid, where irritant poisonings can occur. 

In those industrial poisonings which result in loss of con¬ 
sciousness, arrest of respiration and suffocation, attempts at 
resuscitation should at once be made. In these attempts 
ai* resuscitation, artificial respiration is of the greyest import¬ 
ance ; of course the sufferer must first be withdrawn, from the 
influence of the poison, i.e. be brought into fresh air. Great 
care must be taken, especially where it is necessary to enter 
places filled with a poisonous atmosphere, to prevent the 
rescuers, as is often the case, themselves falling victims to the 
influence of the poison. They should be provided with suitable 
n^moke helmets or breathing apparatus. 

We will not describe the methods of reshseitation and 
artificial respiration universally enjoined ; they can be found 
in every first-aid handbook. 

Emphasis is laid on the great importance of treatment by 
oxygen in cases of industrial poisoning through gaseous blood 
poisons, as this treatment is attended with good results. 
Apparatus for the administration ,of oxygen should be kept 
wherever there exists the possibility of such poisoning, 
especially in, mines,tsmilting works, chemical factolies, and 

chemical laboratories. 

« 

Oxygen treatment rests on tho fact that by raising the 
pressure of thb oxygen from 113 mm.j as it is generally in 
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ordinary air, to 676 mml, which | reached in presence of pure 
> oxygen, tlie quantity of oxygcii;^absorbed in the blood rises 
fiVyi 0'3 to 1-8 per lOO^.c. Ful ther, the saturation of the 
hsemoglobin, the coloufing mattdj of tlie blood, undergoes an 
increase of 2'4 per cent. This increase of oxygon in the blood 
can savp life in cases where through poisoning a deficiency of 
oxygen has re.sulted. • 

The introduction of oxygen is done by special apparatus 


Vhich acts essentially on 
the principle that during 
inhalation oxygen is pressed 
into >iie lungs which are 
below normal physiological 
pressure, while exhalation is 
effected by a deflating 
arrangement when the 
poisoned individual nolonger 
breathes of his own accord. 
When natural breathing 
begins, the introduction of 
oxygen witf'out special ap- 
paratu'-' generally suffices. 

Driiger’s oxygen apparatus 
(fig. 30) consists of a small 
oxygen cylinder provided 
with a closing valve, a small 
manomcier, a so-called 
‘ automatic ’ reducing valve 
with an arrangement for 
opening and closing the 



yia. 30.—Bragei’s Oxygen Box 

I Oxygon cylinder; A Valve on cylin¬ 
der ; B Manumoter; C Key for opening 
and closing tlio flow of oxygen ; F Econo» 
miser; H Facepiece. 


oxygen suppl)-, a bag to act as a receiver or economiser, a 
breathing "mask, and a metal tube connecting the breathing 
mask with the other parts of the apparatus. The oxygen 
cylinder, when fided, contains about 180 litres of oxygen, and 
the manometer alloivs th% manipulator to control at any time 
whatever oxygen it still contains. The automatic arrange-* 
ment not only reduces the pressure but at tjie same time 
controls tiie supply of oxygen. This dose is fixed i.t three 
litres of oxygen per minute, so that the apparatus with the 
same oxygen cy(inder*will last for sixty minuted. The^xygen' 
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Fill. 31,—Oxygen Inhaling Apparalu.s 



Fia. 32?—Showing apparatus in use (Siehe, <& Co.) 
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is not inhaled purel but is .‘.mixed with atmospheric air 
according to need, 'ant in ord ff to make this possible the 
\reathing mask is provided will i a small hole through which 
atmospheric air finds .mtrance. 

As the oxygen flows continuously from the cylinder waste 
during^ exhalation is prevented by the economiser, in which, 



' Fio. 33.—Drager’a Pulmotor {U. Jacobson) 

during exhniation, the infloAving oxygen accumulates, to be 
absorbed again in inhalation. A small relief valve in the 
screw head of Liie bag prevents the entrance into it of 
exhaled air. 

Another oxygen inhaling apparatus for resuscitating pur¬ 
poses, that of Siebe, Gorman & Co., is illustrated in figs. 3_1 
and 3L. 

Driiger also constructs an apparatus called the ‘ Pulmotor,’ 
which simultaneously accomplishes the introduction sof oxygen 
and artifif'ial respiration. 
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Inflation and deflation arf effectecJiiy an injector driven by 
compressed oxygen tliis alntoately jlri ies fresh air enriched 
with oxygen into the lungs smd then ^ suction empties the^^ 
again. While with the mecHanical ap^iances of resuscitation 
belonging to older systems the hand of the helper regulated the 
rate of breathing, in the case of the Pulmotor the lungs, 
according to theit size, automatically fix the rate of breathing ; 
as soon as the lungs are filled the apparatu.s of its own accord 
marks the moment for ‘ deflation,’ and as soon as they arec 
emptied of ‘ inflation.’ This automatie reversal is effeeted by 
a little bellows which is connected with the air tubes. During 
inflation the same pressure is exerted in the bellows ‘as in the 
lungs. As soon as the lungs are filled, the pressure in the 
bellows increases and it expands, its forward movement causing 
the reversal to deflation. When the lungs are emptied the 
bellows contracts, and through this contraction results the 
reversal to irflation. 

If, in an exceptional case, the breathing for some rea,son 
does not act automatically, the hand of the helper can 
manipulate it by means of a backward and forward movement 
tr^^a lever. According to choice, either a nose-mash or a maisk 
covering both mouth and nose can be worn. 

Combined with the regular apparatus for resuscitation is an 
ordinary apparatus for the inhalation of oxygen ; by the simple 
altering of a lever, either the one or the other can be employed. 



IT. INDUSTRIAL POISONING IN 
PARTICULAR INDUSTRIES 

Aftiou tlie foregoing general remarks we may now consider 
various points of view in regard to •la.ssification of industrial 
poisonings into groups : 

(1) Toxicological, based on tlie action of the poisons. 

(2) Chemical, based on the chemical corape^sition of the 

poisons. ■ • 

(3) Pliysi<'al, based on the varying density of the poisons. 

(iiivision into solid (in form of dust), gaseous, and 
liguid poisons.) 

Tc whif h may be added : 

(4' Classification according to the source of the poisoning 
and therefore according to industry, upon which 
Part I is mainly based. 

In this section (Part II) a. system is adopted which takes 
into consideration as far as possible all the principles of 
division montiontid above, in order to classify industrial 
poisonous substances in such a mamier that general practical^ 
conclusions can be clearly drawn, and supervision rendered 
easy. 


GROUP: MINERAL ACIDS, HALOGENS, INORGANIC 
HALOGEN COMPOUNDS, ALKALIS 

• • 

Common to this group is a str^g corrosive and irrij^anr* 
effect, varying nowever in degree; as gefses this^roup cg^rode 
or inflana. the mucous membrane of the respiratory passages, 
and in liquid form or in solution, the skin. 

Besides thi’,^upei*ficial effect single me^b^s of tUir, group, 
169 
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especially those cont 
upon the blood. 

After absorption 
of the blood can ta 
carbonic acid, thus vitally affecting the interchange of 
gases in the body, and producing symptoms of tissue 
suffocation. 

As regards treatment in the case of acids and alkalis, 
neutralisation has been already mentioned; further, oxygen* 
treatment may be recommended in oases where the blood has 
been injuriously affected. In cases of poisoning through 
breathing in acid vapours, inhalation of extremoiy" rarefied 
vapour of ammonia or of a spray of soda solution (about 
1 per cent.) is advisable. 


seining rrftrogen, Iro^uce a remote effect 

of the a^ids a dArease in the alkalinity- 
,kc placf and in >ts power to take up 


IQNEBAL ACIDS 

Eydiochloiic Acid (HCl) is a colourless, pungently smelling 
gas which gives off strong white fumes. Experiments on 
asiimals, carefully carried out by Leymann, produced the 
following symptoms. 

Even in a concentration of 2-5 per thousand clouding of 
the cornea ensues, and after about an hour inflammation of 
the conjunctiva, violent running from every exposed mucous 
nembrane with marked reddening, and frequently inflamma- 
;ion (necrosis) of the septum of the nose ; the lungs are dis¬ 
tended with blood, hero and there haemorrhages occur in the 
respiratory and also in the digestive tracts. Tire animal dies 
)f ffidema (swelling) of the lungs and haemorrhage into the 
ungB if exposed long enough to the action of HCl, even 
though (according to L"hmann) there may not be*accumula- 
tion of HCl in the blood ; the chief effect is the irritant 
me ; 1-5-5 per thousand parts HCl in the air suffices, after 
three or four hours’ exposure, to affect smaller animals 
(rabbits) so much that they die during the experiment or 
Aflrtly after it. Man edn tolerate an atmosphere ectitaining 
DT th 0'2 per thousand HCl; a somewhat greater proportion 
of HCl produces bronchial oatarrh, cough, &c. 

Thq solutioa of/ hydrochloric acid in .water is about 40 per 
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cent. Simply wctlini the skia with concentrated solution of 
hydrochloric acid do® not gaierally fiave an irritant effect 
unless persisted in foJsome tii^ ; the action of the acid, when 
continued, has a marked effec'.ll upon the mucous membranes 
and upon the eyes. 

The .same treatment already recommended in the intro¬ 
ductory remarks on poisoning by inhalation of acid fumes in 
general applies. 

Hydrofluoric Acid (HFl), a pungently smelling, colourless 
gas, causes even in weak solutions (0’02 per cent.) irritant 
symptoms (catarrh of the mucous membrane of the respira¬ 
tory organs, lachrymation, &c.). stronger solutions set up 
obstinate ulcers, difficult to heal, in the mucous membrane 
and the skin. 

Silico-fluoric Acid (H^SlFh) produces an analogous though 
somewhat less marked corrosive action. 

As regards treatment the reader is again feferred to the 
introduciory sentences on this group. 

Sulphiu Dioxide (SO.^) is a colourless, pungently smelling 
gas wliich, acting in low concentration or for a short period, 
causes cohgh and irritation of the mucous membrane of cite 
respiratory passages and of the eyes ; acting for a longer 
period, it sets up inflammation of the mucous membrane, 
bronchial catarrh, expectoration oi blood, and inflammation 
of the lungs. 

As Oga ta and Lehmann have proved by experiments—some 
of them made on man—a proportion of 0-03-0-04 per thousand 
of sulphur dioxide in the air has a serious effect on a person^ 
unaccustomtid to it, while workmen used to this gas can 
toler.atc it easily. 

As sulphur dioxide probably dee) lot affect the blood, 
treatment by oxygen inhalation is usejcs''. Otherwise the 
treatment spoken (if as applying to acid poisonings in general 
holds good. 

Sulphnjic Acid (H^SOj. Concentrated sulphuric acid occa¬ 
sionally splashes into the eye or w^ts the akin, causing seveft 
irritation anu corrosion, ijuless the litjuid is quickl 3 r washed 
off or neutralised. If the action of the acid persists^ t£e cor¬ 
rosive effect becomes deepseated and leads to disfiguring scars. 

Nitrous F'U 5 .es, Nitric Acid.—ISitric oxitfc (HO) oxidises in the 
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air with formation of red fumjiss oompc led^of nitrogen trioxide 
(N 203 )and nitrogen pcroxido(M Oo). Th se oxides are contained 
in the- gases evolved from funling nitrii acid and where nitric' 
acid acts upon metals, organif substances, &o. 

Industrial poisoning by nitrous fumes is dangerous; un¬ 
fortunately it frequently occurs and often runs a severe, even 
fatal, course; sometimes numerous workers are poisoned 
simultaneously. The main reason w'hy nitrous fumes are so 
dangerous is because their effect, like that of most other < 
irritant gases, is not shown at once in symptoms of irritation, 
such as cough, cramp of the glottis, &o., w'hich would at 
least serve as a warning to the affected person ; on 'the con¬ 
trary, generally no effect at all is felt at first, especially if the 
fumes are not very concentrated. Symptoms of irritation 
usually appear only after some hours’ stay in the poisonous 
atmosphere. Ry this time a relatively large quantity of the 
j)oiHonous gas* has been absorbed, and the remote effect on the 
blood induced. 

The first symptoms of irritation (cough, difficulty of 
breathing, nausea, &o.) generally disajipear when the affected 
person leaves the charged atmosphere, and ho ?hen often 
passes several hours without symj)toms, relatively welh Later 
severe symptoms supervene—often rather suddenly—difficulty 
of breathing, fits of suffocation, cyanosis, and copious frothy 
blood-stained expectoration with symptoms of inflammation 
of the bronchial tubes and lungs. These attacks may last a 
longer or shorter time, and in severe cases can lead to death ; 
^slight cases end in recovery, without any sequela-. 

In poisoning by nitrous acid fumes, oxygdii inhalation, 
if applied in time, undoubtedly holds out hope of success, 
and should always be feed. Chloroform has been repeatedly 
recommended as a remedy. Probably it.s inhalatiorP produces 
no actual curative effect, but only an abatement of the 
symptoms through the narcosis induced. 

Nitric acid (HNO3) in solution iias an irritanf- corroding 
fiction if, when concentraded, it comc.s into contact Avith the 
skin or mucc^us membrane. 
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THE HALOGUN8| (CHLOSltNE, BiyiMINE, IODINE) 

Chlorine (Cl) is a|yellow-g*eon, pungently smelling gas, 
Bromine (Br) a fuming liquid!,^nd Iodine (I) forms erystals 
■which volatilise slightly at ordinary temperatures. 

According to Lehmann’s experiments on animals the effect 
of ohlfirine gas and bromine fumes is completely similar. Leh¬ 
mann and Binz assume that chlorine has a twofold effect; 

(1) narcotic, paralysing the outer membrane of the brain, and 

(2) the well-known irritant action upon the mucous membrane, 
producing a general catarrh of the air passages, and inflam¬ 
mation frf the lungs ; it is, however, only the latter which causes 
menace to life. Other writers do not mention the narcotic 
effect upon the brain and assume that the halogens when 
brought into confact with the mucous membrane are quickly 
cojivcrted into halogen hydrides, and, as such, produce a corro¬ 
sive effect. According to Lehmann, even O'Ol per thousand Cl 
or Br in the air is injurious, even (J'l per thousand produce*? 
ulceration of the raucous membrane, and one or two hours’ ex¬ 
posure f 0 tlie poison endangers life. Lclimaim has further tested 
(on dog.s) Hcclimatisation to chlorine, and finds that after a 
month the power of resistance to chlorine appears to be increased 
about ten times. In a further .series of experiments the same 
author has proved that even the smallest quantities of chlorine 
present in the atmosphere are completely absorbed in breathing. 

Continued or frequent action of chlorine upon the organism 
produces symptoms which have been described as chronic 
chlorine poisoning—such as anaemia and indigestion, in 
addition to satarrhal and nervous symptoms. Further, in 
factories whoi-e chlorine is produced by the electrolytic process, 
workers wer<' found to be suffering frofn the so-called chlorine 
rash (first*observccl by Herxheimer). This skin disease consists 
in an inflammation of the glands of the skin, with occasional 
development of ulcers and scars. Severe cases are accom¬ 
panied by^ digestive disturbance. Bottmann, Lelimann, and 
others maintain that it is not caused by chlorine alonej 
but b}^ chloi ii.ated tar products, hiijh are formed in*the 
product !''11 of chlorine and hydrochloric acid. * 

In acute oases of clilorine poisoning oxygen treatment should 
be tried, but in^^any case the patient shoul^ have free gccess to* 
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pure air. Approved remedies lare inha|atijtn ot soda spray or 
very dilute ammonia, *or of a ((vapourised Solution of sodium 
hypochlorite. If the patientnis in gA^'.atx pain, he may be^ 
allowed to inhale cocaine solujion (0-2 per cent.). 

The administration of arsenic (solutio arsenicalis) is recom¬ 
mended, especially in cases of acne. In general the usual 
treatment for disease.s of the skin is followed ; salicylic 
acid lotions, sulphur baths, and sulphur ointments may be 
made use of. 

Chlorides.— Chlorides of Phosphonts, Phosphorus-triehloridc 
(PCIJ, and Phosphorus oxychloride (POCI 3 ), arc strong¬ 
smelling liquids, fuming in the air, and when 'brought 
into contact with water decomposing into plios})horous 
acid and hydrochloric acid. These halogen compounds of 
phosphorus have a violently irritant action upon the respiratory 
organs and the eyes, in that they decompose on the mucous 
piembrane inlio hydrochloric acid and an oxyacid of phos¬ 
phorus. Inhalation of the fumes of these compounds causes 
cough, difficulty of breathing, inflammation of the respiratory 
passages, and blood-stained expectoration. 

Treatment is similar to that for acid poisoning’in general 
and hydrochloric acid in particular. . 

Similar to that of the chlorides of pho.sphorus is the action 
of chlorides of srdphur, of which sulphur monochloride (SoCljj 
is of industrial hygienic importance as it is employed in the 
vulcanising of indiarubber. It is a brown, oily, fuming liquid, 
which, mixed with water or even in damp air, decomposes into 
.sulphur dioxide and hydrochloric acid. The fumes of sulphur 
monochloride have therefore a marked irritant effect, like 
that of hydrochloric acid and sulphur dioxide. The action of 
sulphur chloride was thoroughly studied by Lehmann. Indus¬ 
trial poisoning by sulphur chloride is mentioned by'Leymann 
and also in the reports of the Prussian factory inspectors for 
1897. The latter case ended fatally owing to the ignorance of 
the would-be rescuers; a workman* had spilt trichloride of 
phosphorus upon his clothys, and the by-standers, not knowing 
its 3ajigerous action when combined with water, poureef water 
on him. . 

^ Treatment is similar to that of poisoning from hydro¬ 
chloric ^id or stilpfiur dioxide. 
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Chloride of'zinc ^uili chloride, ZnClj) likewise has corrod¬ 
ing and irritant actiopj upon tl^ mucolis membrane of the 
respiratory organs. 


AMUONIA 

Amtnonia (NH.) is a colourless, pungent-stnclliiig gas which 
dissolves to the exte^ of about 33 per cent, in water. In- 
Jialed; it first produces violent reflex coughing, then irritation 
and corrosion of the nwicous membrane of the respiratory 
orgairs, and finally death through suffocation (spasm of the 
glotti') iJ exposure to it.s action has lasted a sufficiently long 
time. Microscopic sections exhibit a diphtheritic appearance 
of the mucous membrane, and inflammation of the lungs. The 
effects upon the central nervous system (irritation of the 
medulla and .spinal cord) which are peculiar to ammonia 
compounds need not be considered, as the cortosion of the 
respiratory passage is sufficient alone to cause death. When 
the action of the gas is less intense, the patient rallies from the 
first stage, but often severe symptoms come on later affecting 
the lungs. • 

Lehm^inn in experiments upon himself could tolerate as 
much a 0’33 per thousand NH 3 for thirty minutes ; ho found 
in gas works (with fairly marked odour) hardly more than 
OT per thousand NH^ in the atmosphere, and considers 0'5 
per thousand distinct evidence of excess. He found that he 
could produce in dogs acclimatisation up to I'O per thousand 
NH 3 (five times as much as could at first be borne). About 88 
per cent, of the ammonia contained in the air is absorbed 
in breathing ; ammonia is said to exercise also a reducing 
action upon the oxygen of the blood (oxyhacmoglobin). 

Chronic poisoning by ammonia can hardly be said to occur. 
In those who clean out sewers and drains, the inflammation 
of the eyes and digestive disturbance attributed partly to 
ammonia are probably (Jue more to the action of sulphur 
compounds—ammonium sulphide and sulphuretted hydi’ogjeu. 
Irritatioii due to solution of ammonia tdoes not come into 
account in industrial emplo 3 nnent. 

As regards treatment, fresh air or administration of oxygen 
is most like'y to be successful. Inhalation^als.') of very dilute 
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acetic acid vapour, steam, or spray jkf ^fbdium carbonate is 
advocated. 


Al^ALIS 

The alkaline hydroxides (potassium and sodium hydroxide, 
KOH, NaOK) have an albumen-dissolving and therefore 
caustic effect. Industrially it occurs in the caustic action of 
concentrated (often hot) lyes upon the skin or upon the ey^ 
—through splashing. Quicklime (CaU) has also a caustic 
action, producing inflammation of the skin or eyes (especially 
in tho,se engaged in the preparation of mortar). • 

Under this head comes also the effect upon the respiratory 
passages—described by several authors—caused in the pro¬ 
duction of artificial manure discu.sscd at length in T’art I. 

As regards treatment of the irritant effect of alkalis, what 
has boon saitJ- as to corrosives in general applies hei’e (rinsing 
with water or weak organic acids), and in inflammation of the 
eye caused by lime a drop of castor oil is recommended. 


GROUP: METALS AND METAL-COMPOUNDS 

The various substances of this group differ markedly 
in their action. Under this heading come principally 
chronic metal poisonings, characterised by a general, often 
very intense, disturbance of nutrition, which justifies their 
delineation as ‘ metabolic poisons ’; among these poisons also 
are included certain others which produce chronic poisoning 
accompanied by severe disturbance of the peripheral and 
central nervous system. 

The corrosive action common to the metal oxjdes (when 
acting in a concentrated condition), attributable to the 
formation of insoluble albuminates, need not, in industrial 
poisoning, be taken so much into account. The corrosive 
effect is characteristic only of the'compounds, especially of 
tlv“ acid salts of chromiujn, which, as an acid-forming element, 
maytbe classed in the preceding group. Disturbance of health 
in workmen handling nickel compounds are also ascribed to 
the corrosive action of these substances. 
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LEAD, LEAD (lOMPOU^S 

Load poisoning is the most f'Vquent and important chronic 
industrial poisoning; the symptoms are very varied and 
associated with the most different groups of organs. We shall 
describe the typical course of a case of industrial lead poisoning, 
laying stress, however, on the fact that numerous cases 
follow an irregular course, in that special symptoms or compli¬ 
cations of symptoms are in some especially accentuated, while 
in others they become less marked or are absent altogether. 

A premonitory indication of chronic lead poisoning is a 
blue line on the. gum, indicated by a slate gray or bluish black 
edging to the teeth, the appearance of which is usually accom¬ 
panied by an unpleasant sweetish taste in the mouth. The 
cause of this blue line was for some time disputed. It is 
obviously due to the formation and deposit of sdiphide of lead.^ 
through the action of sulphuretted hydrogen arising from 
decomj)ositi>m in the mouth cavity. At the .same time a 
general feeling of malaise and weakness often comes on, 
occasionally accompanied by tremor of the muscles and 
disinclination for food, at which stage the sufferer consults the 
doctor. Frequently he complains also of pains in the stomach, 
not difficult to distinguish from the lead colic to be described 
later. Usually the patient already exhibits at this stage 
general emaciation and marked pallor. 

The blue line was formerly considered a characteristic early 
indication of lead poisoning ; but it has now been proved that 
occasionally it is absent even in severe attacks. But although 
the blue line nay fail as an ‘ initial symptom,’ it will never¬ 
theless be a \ .duable aid to the practitioner in the recognition 
of lead pobsoning. It is worth while to mention the fact that 
other metallic poisons produce a very similar ‘ line,’ especially 
mercury, also iron' and silver (as in the case of argyria); it has 
been stated that the blq^ line can be simulated by particles 
of charcoal on the gum. The pallor qf the patient at the com-' 
mencement of lead poisoning drew Stvention to fhe condition 
of the bloud. The diminution in the amount of hasipoglobin 
often met with, which under certain circumstances is accom- 
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panied by diminution of the red biooof ceJLs, offerti nothing 
characteristic. On t(ie other hand, structural cliangos in the 
red blood cells—^pretence of basophil granules in them—are 
asserted by a number of writers to be characteristic of the first 
stages of lead poisoning. The basophil granules are believed 
to be due to regenerative changes in the nucleus. Byt these 
changes are also found in pernicious anamia, cancer, leucaemia, 
anaemia, tuberculosis, &c. ; also in a number of poisonings such 
as phenylhydrazine, dinitrobenzene, corrosive sublimate, and 
others ; they are therefore the less characteristic of chronic 
lead poisoning, as occasionally they cannot be found in actual 
lead poisoning, a point upon which 1 have convinced myself 
in the case both of men and animals. Still, the ajipearance of 
much basophilia in the red blood cells is a valuable aid to 
diagnosis, especially as the method of staining to demonstrate 
them is simple. 

^ Other anomalies of the blood observed in lead poisoning 
may here be mentioned. Gilbert found a striking diminution 
in the elasticity of the red blood corpuscles, and experiments 
I have made point to the fact that the power of resistance 
of the red blood corpuscles to chemically acting ha'molytic 
agents, such as decinormal soda solution, is considerably 
reduced. 

The pulse is generally hard and of high tension, especially 
during the attacks of colic. Further, cramp of the blood¬ 
vessels (also in the retinal arteries) has been observed. To 
these functional disturbances in the circulation are added 
sometimes definite changes in the vessel w.'ll. Later, 
obliterative arteritis comes on (in the brain' arteries), and 
arteriosclerosis. 

The mo.st important symptom of fully developed lead 
poisoning is colic, which is usually preceded by' the initial 
symptoms described (especially the gastric symptoms), but not 
always so, as occasionally colic sets in without any warning. 
The colic pains often set in with narked vehemence. They 
rajjiate from the navel ^ all sides, even through the whole 
body^; the abdomeil is contracted and as hard as a board. 
Pressure on the lower part diminishes the pain somewhat, 
so that the sufi'erer often involuntarily lies flat on his 
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stomach. During^ the attack tlie puls^i is often remarkably 
slow. Constipation occurs, and often dees not yield to purga¬ 
tives. The attacks last sometimes for hours, oecasionally for 
days, or the pains ean (with Vemissions) even distress the 
patient for weeks. The frequency of attacks is also very 
varialiie. Occasionally one attack foiiowjs another, often 
there are intervals of week.s, oven years, according to the 
.severity of the poisoning and duration of exposure. If the 
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patient is removed from the injurious action of load, as a rule 
recovery soon ensu'>,s. 

Often with the oolic, or at any rate shortly after it, appear 
lead tremor and arthralgia, paroxysmal pain mostly affecting 
the joints, kut occasionally also the muscles and bones. They ' 
are often the precursor of severe .'tervous symptoms whTbh 
affect the peripheral and central nervous systerh. In a'lead 
poisoning case running a typical course the predominant 
feature is the peripheral motor paralysis hi the extensors of ' 
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the forearms. Next, the muscles supplie(i by the radial and 
ulnar nerves are afferted. Often the progress of the j)aralysis 
is typical; it begins Vith paralysis of the extensor digitorum 
communis, passes on to the^temaining extensors, then to the 
abductor muscles of the hand ; the supinator longus and triceps 
escape. Sometimes the shoulder muscles arc attacked; 
also paralysis in the region supplied by the facial nerve and 



Fig. 34.i.— Different Types of Paralysis of the P.adial Nerve inVungarian Potters 
poisoned by Lead {after Chijzer) 


of the lower extremities is observed. It appears plausible 
that overstrain of single groups of muscles plays a decisive 
part; this seems proved by the fact that paralysis first affects, 
among right-handed people, the ‘right hand (sspecially of 
pcinters), but in the fase of left-handed, the lijft hand; 
andtamong fchildren the lower extremities are often attacked 
first. Disturbance of sight increasing to amaurosis is often 
an indication of .ywere brain symptoms. The view of some 
writer* that the ci^ise of the sight disturtanceolies in vasomotor 





181 


LEAD POISONING 

influences (cramp ^of the bloodvessels) is very probable, 
and supports the view that the brain ^mptoms are entirely 
due to diseases of the arteries (arteritis). These symptoms 
are distinguished by the collective ^ name of saturnine 
encephalopathy ; they include apoplexy, hemiplegia, epilepsy, 
delirium, and mania. The brain symptoms may cause death. 

As later symptoms of lead poisoning may be mentioned 
lead gout and kidney disease (lead nephritis). The genesis of 
Aoth these diseases is much disputed. It seems to be proved 
that the gout is true gout (with presence of tophi) and that the 
contracted kidney is indistinguishable from ordinary chronic 
Bright’s tlisease. 

The kidney symptoms suggest that a regular excretion of 
lead through the urine takes place which, if it were a fact, 
would have been an important aid to diagnosis. But often 
analysis of urine for i)’-escne,e of load is negative. Excretion of 
lead by the skin is scarcely to be credited, although occasiopij^ 
ally affirmed. Elimination of lead is effected mainly through 
the intestiuos (probably for the most part as sulphide of 
lead). 

All loadt^ompounds more or loss are to be regarded as poison¬ 
ous, although the intensity of the action depends on the amount 
absorbed. Eor this its solubility in water or in weak acids 
(hydrochloric acid of the gastric juice) is the simplest test. 
According to this acetate of lead, lead chloride, carbonate 
of lead (white lead), oxide of lead (lead dross), minium 
(red oxide of lead) are relatively the most poisonous. Lead 
sulphate and lead iodide are to be regarded as relatively less 
poisonous, although by no means innocuous. The least 
poisonous, if I'ot altogether innocuous, is sulphide of lead, 
because it is .in insoluble lead compound. 

Treatment of lead poisoning ought to aim first and foremost 
at the elimination of lead from the body. But unfortunately 
such attempts have had little success. Treatment of symptoms 
is all that the most n(irt is possible. Administration of 
iodide of potassium to assist the excretion of lead has not been 
found tne sucouss which many aiiticipated. jThis remedy 
however, can be tried; better results are to be ^pected 
from careful regulation of the bowels by nieans of purgatives. , 
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During colic administration of opium o'^ morphia may be 
advisable to relieve jain and overcome the probable cramp 
of tbp intestinal mu^ioles. The cautious administration of 
atropine (occasionally with ^ cocaine) also serves the same 
purpose. Hot compresses and mustard plasters may be 
applied, and liquid diet should be given. Lead cachexia 
must be treated by strengthening diet, hllectrleal trekhment 
for lead paralysis is advocated. From baths (sulphur baths) 
nothing more is to be expected than a bracing effect—elimina-, 
tion of lead through increased diaphoresis is hardly to be 
hoped for. 


ZINC (ZINC ALLOYS) 

Zinc (Zn) melts at 412° C. and distills at about 000° 0.; 
exposed to the air it burns, when lif'ated, into zinc oxide. 
Older writersfwhen investigating gastric and intestinal diseases 
Shd affections of the nervou.s system observed in zinc smelters, 
regarded them as the result of chronic zinc j)oisoning ; but it 
may now be accepted as certain that these symptoms are due 
to the lead always present in the zinc. 

On the other hand so-called hrass-fuumlcTs’ (/(//(C.niay be 
regarded as a form of acute industrial zinc poisoning. Brass- 
founders’ ague occurs exclusively in brass casters, and not in 
zinc workers. Sigel and Lehmann have shown that founders’ 
ague is also caused by pure zinc if this is heated so strongly 
that it burns. 

Premonitory symptom.s often occur bclore the onset of 
the disease ; usually they appear early, soon (.after casting 
has begun. The workman has general malaise accompanied 
by slight cough, nauSea, throat irritation, &c., but these 
symptoms mo.stly disappear, returning again after st few hours 
with renewed violence, often in the evening before going to 
bed. Frequently, trembling sets in rather suddenly, often 
accompanied by headache, nausea,^and muscular^pains, and 
• soon develops into a pronounced shivering fit, lasting 
generally about a quartfe of an hour, but in severe cases 
for Several hour.s (with intervals). At the same time 
the breathing is lyirried and the heart’s action quickened 
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(asthma and palpitatidh). Often the temperature rises as 
high as 104° P. The attack ends with^ profuse perspiration, 
and the patient sinks exhausted to ksep, awaking in the 
morning generally quite restored or wi|h but slight signs of 
fatigue ; only rarely is he unable' to resume work. 

It is noteworthy that some workmen are extraordinarily 
suscepfible to brass-founders’ ague, and ai;e attacked again 
and again, while others remain completely immune, so that 
Jdiosyncrasy and immunity both play a part. Workmen 
who are susceptible to the disease, yet without marked dis¬ 
position (idiosyncrasy) towards it, can become acclimatised 
to the poison. Tjchmann has succeeded in artificially pro¬ 
ducing an attack in a brass-castcr who was highly susceptible. 
The symptoms in him were the resuit of work with pure zinc 
in a burning condition. I’lie proof, therefore, is clear that 
brass-founders' ague is due lu zinc, and not, as some authors 
have supposed, to copper or the Himultancou.s qction of both 
metals. ’I'lie symptoms are produced througli inhalation <rf' 
zinc oxide, not zinc fumes. 

Lehmann conjectures that brass-founders’ ague may be a 
secondary fever due to absorption into the system of the remains 
of cobs in the respiratory tract that have been killed by the 
action of the zinc. 

The treatment can only be symptomatic ; as the attack 
is so transient, medical attendance is hardly necessary. 


MERCURY, MERCURY COMPOUNDS 

Mercury 'Hg), on account of its volatility, is classed 
among industrial poisons. Although boiling at 360° C. it is 
volatile even at ordinary temperature*. Industrial mercurial 
poisoning .'s caused by the’ frequent inhalation of small quan¬ 
tities of vapour, sometimes, but more rarely, of dust containing 
mercury, and assumes usually a chronic form. 

Industrial mercurial poisoning often begins with inflam¬ 
mation of*the mucous membrane of the mouth and gums., 
There is inci c ’sed flow of salivS; a,disagreeable metsftlic 
taste in the mouth, and foul breath. This may be limited 
to a simple inflammation of the gum, or ^o on to ulceration 
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with falling out of teeth, or even ^o gangrene of the gum 
and mucous membrane inside the mouth. Gastric attacks 
also ,occur in the c®ly stages ; occasionally, however, they 
are absent. ! 

The main symptoms of chronic mercurial poisoning are 
nervous and psychical derangement, to which in severe cases 
are added general disturbance of digestion and loss of sQ'cngth. 

Sometimes, after repeated attacks, more or less severe, 
a cachectic condition is induced, showing itself in genera} 
emaciation, decrease of strength, atrophy of the muscles, 
anaemia, and disturbed digestion, which—often intensified 
by some interourrent disease, such as tuberculosis*—lead to 
death. Slight oases of mcrcurialism recover, leaving no evil 
results, if the patient is removed in time from the influence 
of the poison. 

The treatment of chronic mercury poisoning is symptomatic. 
To allay the., inflammation of the mucous membrane of the 
?iiouth the patient should use a mouth wash of j)otassium 
chlorate and peroxide of hydrogen ; the general condition 
should be raised by strengthening, unstimulating food ; for 
the nervous symptoms baths and electricity should be tried ; 
and for very marked crythism and tremor recourse to parootics 
may be necessary. 

Industrial mercurial poisoning i.s produced not only by 
metallic mercury but also by many compounds, of which 
industrially the oxides are the most important. Nitrate of 
mercury (Hg2(N03)2) comes into account in the treatment of 
fur. Mercury cyanide (HgCyJ deserves mention, as small 
quantities cause mercurial and large quantities cyanogen 
poisoning. 


MANGANESE, MANGANESE COMPOUNDS 

Manganese (Mn) or mangane.se compounds are used 
industrially in fine powder; contijjuous absorptign of dust 
containing manganese produces chronic manganese poisoning. 
Instances of such poispnirl^ are not very numerous ; altogether 
aboufr twenty cases have been described. Recent publications 
agree in asserting .that only the dust rich in manganese 
protoxide is dapgefous. 
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Industrial manganese poisoning runs its course extra¬ 
ordinarily slowly, and resembles chronw poisoning by other 
heavy metals, such as lead and mercurj* in that nervouj and 
psychical symptoms, rather than dige, tive, are prominent. 
Sometimes—but not always—the disease is introduced or 
accompanied by psychical symptoms, both of excitement and 
depression (hilarity, laughing, or depressicai and weeping). 
In the course of the disease nervous disturbances arise, deafness, 
Jiingling, paralysis and paraesthesia, in the arms and legs, 
giddiness, difficulty of walking, tremor, increased knee-jerks 
and difficulty in speech. Often at the same time swelling of 
the lower extremities (oedema) and loss of strength (cachexia, 
marasmus) come on. Slight eases make a good recovery. 
An interesting case of illness is described by Jakscli as man- 
gannphobia, in which tlie symptoms were simulated, and 
weic brought on solely by the fear of mangaiiesc poisoning. 

As regards treatment, electricity, massage, .‘’nd baths are 
advocated to allay the nervous symptoms, as in the case 
chronic metal poisoning and suitable strengthening food. 


CHROMIUM, CHROME COMPOUNDS 

Chromium trioxidc (CrO,,) dissolves in water, forming 
chromic acid (HjCrO.i); of the salts of chromic acid the 
neutral and acid alkaline salts concern our inquiry. These 
are normal and acid sodium or potassium chromate (K^CrO^ 
and KoCroO,). Chromate of lead (PbCrO^) can cause lead 
poisoning. 

Poisoning can be produced by dust and by alkaline 
chromates, Ihe latter, when hot, giving off steam which, as 
has been proved, contains excessively fine chrome particles. 
Chrome compounds attack especially the surface of the body, 
the skin and the mucous membrane. 

The bichromate and ^hromate dust produce ulcers where 
slight injuries to the skin already exist. The ulcers develop. 
slowly,‘and have a smooth, heapfe-up, undermined edge; 
deep-seated, they can even pierce to the bone ; they heafl with 
great difficuHy. Naturally they occur most frequently on the 
uncovered parts of>the body, especially on the arms and 



'186 SYMPTOMS AND TEEATMENT 

r 

hands. Characteristic also is an analogous ulceration attacking 
the mucous membraiie of the nose, from which hardly any 
chrome worker (esiecially if brought into contact with 
chromate dust) is fijie. Perforation and destruction of the 
cartilaginous septum of thi nose is very common. Ulcers 
on the mucous membrane at the entrance of the throat (on 
tonsils and palate or in the larynx) have boon occasionally 
observed. 

Absorption of small quantities of ehrorao compounds intq 
the body an; said to cause disturbances f)f digestion of an 
inflammatory character, and csjjeoially inflammation of the 
kidneys. i 

The treatment of chrome ulcers is similar to that of other 
chronic ulcers. An antidote for industrial clironie poisoning is 
not known. 


OTfiER METALS AND METAL COMPOUNDS 

Nickel Salts. —Of late years in nickel-plating establishments 
an eczematous inflammation of the skin has b('en described 
affecting first of all the hands, and occasionally sprtading over 
the arms and even the whole body. The skin becomes ijiflamed, 
and vesicles appear on the affected part. Some persons are 
extraordinarily susceptible to this disease, others only become 
so after having worked for years quite unaffected, and are then 
obliged to give up their oeou})ation. Probably the action of 
nickel salts (especially nickel sulphate) used in electrolytic baths 
causes the disease. But it was in fact traced by several writers 
to contact with benzene, petroleum, and lime by the workmen. 
The simultaneous action of these substances upon the skin 
would no doubt encourage its appearance. The application 
to the skin of vaseline or cream is recommended. Careful 
cleanliness and attention to the skin is on the whole by far 
the most reliable protection. 

[Nickel carbonyl (Ni(C0)4).—Mond, Langer, and Quincke 
in 1890 discovered that, on pas.sing a current of carbon 
manoxide over finely^ divided (pyrophoric) metallic rtickel, a 
gaseous compbund of nickel and carbon monoxide was formed. 
When hehted to 150° 0. the gas decomposes into its constituents 
and metallic nickel ii deposited. 
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Nickel carbonyl is a. clear, pale straw-coloured liquid, 
volatilising at room temperature. It has a peculiar soot-like 
smell detectable when present to the extfpt of about 1 vql. in 
2,000,000, while the Bunsen flame becejmes luminous when 
nickel carbonyl is present in the Sir to the extent of 1 vol. in 
400,000—two facts of great importance in detecting escape 
of the*5;!as in the manufacture of pure nicl^el by the Mond 
process. 

^ • Occurrence of poisoning by nickel carbonyl .—At the first 
introduction of the process about 1902, before the dangerous 
properties of the gas had been sufficiently recognised, some 
t\9cnty-fi¥e men were poisoned, of whom three died. Poisoning 
only occurred when, as a result of the hreakdow'n of the auto¬ 
matic working of the plant, hand labour took the place of 
machinery. 

'Phis very rare form of poisoning has been very fully investi¬ 
gated by H. W. Armit {Journ. of Hygiene, 190'^. p. 526, and 
1908, p. 565). The symptoms in man, he says, were transient 
headache and giddiness and at times dyspnoea, quickly passing 
off on removal to fresh air. After from twelve to thirty-six 
hours the •dyspniea returned, cyanosis appeared, and the 
temperature began to be raised. Cough with more or less 
blood s ained sputum appeared on the second day. The 
pulse rate became increased, but not in proportion to the 
respiratory rate. The heart remained normal. Delirium of 
varying types frequently occurred. Death took place in the 
fatal cases between the fourth and eleventh days. The chief 
changes found post mortem vvere haemorrhages in the lungs, 
oedema of the ffings, and hsemorrhages in the white matter of the 
brain, w'hile some doubt exists as to whether any blood changes 
were present, j 

Precisely analagous results were found in experiments on 
animals (rabbits, eats, and dogs). 

The points Armit investigated experimentally were (1) Is the 
carbon monoxide of the compound wholly or partly responsible 
for the symptoms, or {2),*is nickel carbonyl absorbed as such,^ 
or (3), is it the nickel of the comjfeund which produces ^e 
symptc ms ? His conclusions are that the poisonous tffects 
of nickel carbonyl are entirely due to the nicke! of the 
compound The pecjuliar toxicity is dire to the fact that,' 
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being introduced in a gaseous form, the nickel is deposited 
as a slightly soluble compound in a very fine state of sub¬ 
division over the immense area of the respiratory surface. 
Nickel carbonyl wheft mixed with air cannot be absorbed as 
such by an animal as it becomes split up into the nickel con¬ 
taining substance (possibly hydrated basic carbonate of nickel) 
and carbon monoxide before or soon after reaching the' alveoli 
of the lungs. The nickel is dissolved from the respiratory 
surface by the ti.ssue fluids and is then taken up by the blood. 
The haemorrhages found after death follow as the result of fatty 
degeneration of the vessel walls which is the .specific patho¬ 
logical change set up by nickel.] • 

Copper. —Symptoms which have been described by some 
writers as chronic industrial copper poisoning are probably 
due to admixtures of other poisonous metals, especially lead 
and arsenic. i Although some copper workers, especially those 
frareless of cleanliness, exhibit hair and teeth coloured by the 
action of copper compounds (green tinge on hair and edge 
of teeth), symptoms of illness traceable to copper arc not 
demonstrable. •’ 

Brass-founders’ fever, which by some earlier writers was 
ascribed to copper or combined copper and zinc action, is 
traceable to zinc (see Zinc). 

Ferro-silicon. —The illnesses due to this are phosplioretted 
or arseniuretted hydrogen poisoning (see pp. I'Jl and 197). 

Silver and Silver Compounds. —Gradual absorption of small 
quantities of a solution of .silver may produce industrial 
argyria, often beginning with the appearance, of a black 
edge to the gums and darkening of the hair and nails, 
followed by black spots on the skin which in severe cases 
coalesce, so that the whole or almost the whole surface of the 
body becomes black and glo.ssy. 

Argyria i.s due to the absorption of silver compounds 
into the circulation, and subsequent^deposition of tjic reduced 
w silver in the body (liver, kidney,?, spinal cord, &c.). The 
bl^k colouring of the^skilfi.s cau,scd by the action of light. 

Ncf interference with health worth mentioning is observed. 
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GROUP: ARSENIC, PHOSPHORUS 

The poiaong (gradually absorbed) belonging to this group 
are mainly such as affect metabolism; they impair the 
processes essential to metabolism (in especial the oxidation 
processes) and cause severe damage to the cells, through 
destruction of albumen. The poisons of this group also have 
paralysing effect upon the central nervous system. 

Generally speaking the effects produced by the poisons of 
t(jis group vary considerably. Among the arsenic compounds 
arseuiuretted hydrogen, which is supremely a blood poison, 
must be excluded from the group and included among the 
blood poisons. 


ARSENIC, OXIDES OF ARSENIC 

• 

Pure ihetallic arsenic (As) is considered innocuous. Oxid9s 
of arsenic especially are held to be industrial poisons such as 
arsenic trioxide (As^.O;,), the anhydride of arsenious acid 
(HjAsO;;), H white powder, which is known under the name of 
white Mi'tenic ; arsenic acid (H^iAsOj), which forms crystals easily 
soluble in water, and the salts of these acids, especially copper 
arsenite, formerly emploj'ed in the production of dyes, and 
also arsenic chloride (arsenic trichloride, AsCl,). Arseniuretted 
hydrogen vill be treated .separately as it has a completely 
differciiu poisonous effect from that of the oxidic compounds of 
arsenic. Arsenic sulphides (realgar, AsSj, and orpiment, AsSs) 
are regarded es innocuous in consequence of their insolubility 
in a pure stat''. But it may be remarked that arsenic sulphides 
(sulphur arsenic ores) which are used* industrially, and even 
metaUic arsenic, are to be considered poisonous, as they contain 
oxidic arsenic compounds in great quantity. 

Chronic arsenical poisoning is caused by gradual absorption 
through th^ respiratory qf digestive tracts of small quantities 

of the oxidic arsenic compounds either in solution or ns dust 

• * 

or fumes. 

The disease usually begins with digestive derangement Vhich 
shows itself in more or less severe gastric and intestin^ catarrh 
(loss of appetitg, vofliiting and diarrhoea); sometimes there' 
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arc seven! affections of the respiratory tract,—pharyngeal 
and bronchial catarrhs ; often the illness is accompanied ty 
akin' affections of various kinds, rashes, pustular eczema, 
loosening of the nailsfabscesses, dark pigmentation of particular 
parts of the skin, and other symptoms. The nervous symptoms 
vary much according to the severity of the disease ; .first of 
all, deafness and feeling of pins and needles, or loss of sensation 
(parassthesia and anaesthesia) of the extremities. Further, 
rheumatic joint pains, ■weakness of the extremities and 
characteristic, symptoms of paralysis occur, with accom¬ 
panying atrophy of the muscles, and gradual loss of energy 
leading to total incapacity for work. Severe cases end in 
general exhaustion and loss of strength, with signs of severe 
injury to the central nervous system, such as epileptic fits, 
mental hebetude, &c. 


PHOSPHORUS 

PJio/iphorus (P) is polymorphic ; red (araorphoiis) phos- 
phoru.s is innocuous, while white or yellow is poisonou.s. 
Phosphorus at various stages of oxidation is litlle if at all 
poisonous. White phosphorus is volatile and fum*s in the 
air—the fumes consisting of jdiosphorus, jffiosphoric and 
phosphorous acids. 

Chronic industrial phosphorus poi.soning is produced by 
continued inhalation of the fumes of whit(! phosphorus 
resulting in inflammation of the periosteum of the bone, 
with which necrosis and formation of new bone are associated. 
It attacks especially the lower jawbone (ossifyirg periostitis). 
The inflammation begins with increased flow of .saliva, painful 
swelling of the gums, tvliich, as it increases, brings about the 
death of the jawbone (necrosis, phosphorus necrosis). This 
becomes covered again with newly formed bone substance 
from the periosteum. The process ends with the formation 
of a fistula (a passage filled wit^i pus), which, discharges 
, outwards, and through which the dead bone (sequestrum) is 
eifBntuaUy cast off., Occasionally the process attacks the 
uppef jaw, rarely other bones. 

With these c||’aracteristic symptoms of phosphorus 
‘’necrosis, derangement of nutrition together with anaemia, 
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indigestion and bronchial catarrh, may he associated. Further, 
a'general brittleness of the bones (fragilitas ossium) is 
observed with the result that the long Jrones of the leg or 
arm sometimes break at relatively smfll exertion of force; 
such cases from Bohemia came lately under my notice. 

Some authorities regard caries of the teeth as the pre¬ 
disposing cause of phosphorus necrosis ; According to this 
view the carious teeth constitute the moans of entrance for 
rtie poison. Opposed to this so-called ‘ local ’ theory is the 
view that chronic phosphorus poisoning is a ‘general’ one. 
T|je truth may lie midway. On the one hand phosphorus 
necrosis J)robably arises partly from the general poisonous 
action of the phosphorrs, and on the other from local 
inflammation which leads to the occurrence of local symptoms. 
The general symptoms of chronic phosphorus poisoning 
described above support this view, especially the effect 
observed on the bones of the skeleton. This •view is also 
strengtheiied by the fact that workmen with perfectly 
sound tee'h, who had been exposed to j)hosphorus fumes 
for many years, were attacked by necrosis only when 
traumatic ftiflammation produced by chance injury was set 
up. • 

Tlu treatment of phosphorus necrosis is surgical. Formerly 
the treatment recommended was to wait for formation of new 
bone and exfoliation of the dead bone (expectant treatment); 
the necrosed portions of bone wore then extracted through 
the fistula. Recently early operative interference has suc¬ 
ceeded in preserving the periosteum which enabled the new 
bone to formi 


Fhosphoretted Hydrogen 

Industrial poisoning by gaseous phosphoretted hydrogen 
(PHj) calls for attention in connection with the preparation 
and employment of calcium carbide (acetylene) and also of 
ferro-silicon. 

Phosphoretted hydrogen is a ftangerous poison. Even 
0'025 per cent, in the air is harmful to animals after,a fime; 
0'2 per cent. PH 3 in the air quickly causes (^eath. 

The pc’son jmoduoes changes in the lungs,,though without 
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injuring the respiratory passages by corrosion, and finally has 
a paralysing effect upon the central nervous system. It has 
no effect upon the blood. An autopsy on a person who has 
died of phosphorette^j hydrogen poisoning reveals as a rule no 
characteristic sign, except centres of inflammation in the lungs. 

The symptoms of phosphoretted hydrogen poisoning are— 
difficulty of breathing, cough, fainting fits, noises in the ears, 
and nausea ; in severs cases coma and death. Slight cases 
soon recover without after-effects. < 

GROUP: SULPHURETTED HYDROGEN, CARSON Sl- 
SULPHIDE, AND CYANOGEN (NERVE POISONS) 

In this group are comprised industrial poisons the principal 
effect of which is upon the nervous system, especially the central 
nervous systpm. The chemical composition of the separate 
taombers of the group differs much. 

SULPHURETTED HYDROGEN 

q 

Industrial poisoning by pure sulphuretted hydrofg?n (SH,), 
the well-known colourless, nauseous-smelling gas, occurs com¬ 
paratively rarely. Poisoning is generally acute, but chronic 
illness in workers has been traced back to inhalation of 
the gas. 

This poison exerts a paralysing action upon the central 
nervous system and is slightly irritating to the mucous mem¬ 
branes and respiratory organs. ^ 

Its action can be described as follow,s : When absorbed 
into the blood union of^the poison with the alkaline constituents 
takes place with formation of an alkaline sulphidd. Presence 
of only slight quantitie.s of sulphuretted hydrogen in the air acts 
injuriously. Lehmann has shown that about 0T5 to 0'2 per 
thousand sulphuretted hydrogen is pot without effect, and that 
prolonged inhalation of O'S per thousand becomes dangerous. 
Cbntinued exposure^ to “xhe poison seems only to' increase 
susceptibility to its action. An almost complete absorption 
of the whole of th^ sulphuretted hydrogen present in the air 
breathed takes place, 
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Continued inhalation of small quantities of sulphuretted 
hydrogen produces irritation of the mucous membrane, cough, 
and lacrymation; headache, giddiness, nausea, and mental 
dulness soon ensue ; occasionally also ^.symptoms of intes¬ 
tinal catarrh foUow ; if at this Itage—dr after a longer ex¬ 
posure to the action of a smaller amount—the patient is 
withd?awn from its further influence, there still continue 
for some time symptoms of irritation of the mucous mem- 
[jrane (such as inflammation of the conjunctiva and of the 
respiratory passages). 

Further exposure or absorption of greater amounts induces 
general discomfort and passes on to a second stage of convul¬ 
sions and delirium. 

Inhalation of a large dose of sulphuretted hydrogen causes 
almost instantaneous death ; the affected person falls dead— 
often without a sound—as if struck by a blow ; occasionally 
a short stage of unconsciousness, with symptoms i f suffocation, 
precede death. 

This acute form often occurs, especially in acute sewer 
gas poisoning. Besides this, a sub-acute form of sewer gas 
poisoning iS recognised which is attributable, in part at least, 
to the a(jtion of sulphuretted hydrogen, the prominent symp¬ 
toms I eing irritation of the mucous membranes and of the 
intestinal canal. In other severe oases symptoms of the central 
nervous system preponderate (headache, giddiness, and 
delirium). These forms of poisoning can be caused not only 
by sulphuretted hydrogen, but also by other poisonous gases 
which are found in drains or sewers. 

As regard^ treatment, continued inhalation of oxygen, 
supported by artificial respiration, is often, in serious cases, 
effective. In severe poisonings also saline injections and 
bleeding may be advocated. Other symptoms (catarrh, &c.) 
must be treated symptomatically. 


CABBON BISULP^pE 

Pure carbon bisulphide (CS^) is a colourless, peculiar- 
smelling liquid which boils at 46° C. , 

As Lohmaim has shown, even T5 to 3-0 mg. CS^ per litre of ' 

0 
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air produces distress—with acute symptoms of poisoning 
(congestion, giddiness, sickness, &c.). 

Industrial carbon bisulphide poisoning is, however, 
chronic in nature apd induced by continuous inhalation of 
small quantities of the fumes. To understand the action of 
carbon bisulphide, its capacity for dissolving fats and fatty 
substances mush bo taken into account. Its injurious effect 
extends to the nerve tissues (central and peripheral nervous 
system) and the glandular tissues. , 

Throughout chronic industrial carbon bisulphide poisoning, 
which has been described fully by Delpech, Laudenheimer, and 
others, nervous and psychical symptoms predominate, together 
with severe chronic digestive derangement. 

The patient after exposure for some time suffers from 
violent headache, giddiness, and sickness ; he has sensations 
of cold, pains in the limbs, a feeling of ‘ needles and pins,’ and 
itching in different parts of the body. Gradually a condition of 
general excitement develops. Sleeplessness, cramps, and pal¬ 
pitation set in. At the same time the nervous system becomes 
involved—hypersensitiveness, loss of sensation or complete 
numbness of some parts of the skin, diminution Of mmscular 
power, disturbances of movement, twitching, violent trembling, 
wasting of the muscles, and paralysis ; the sight also is some¬ 
times affected. The stage of excitement, in which the patient 
often becomes strilringly loquacious without cause, passes 
gradually, as the nervous symptoms develop, into the stage 
of depression ; sometimes this takes weeks and months; 
excitement and gaiety give place to deep depression ; other 
symptoms appear—weakness of memory, mental dulness, 
and difficulty in speaking. The powers of sensation become 
affected, paralysis increases, and digestive disturbances, 
anaemia, and general loss of strength are manifest. Occa¬ 
sionally definite mental disease (psychosis, mania, melancholia, 
dementia, &c.) develops. 

Certain cases of chronic carhop bisulphide poisoning in 
indiarubber workers have come under my notice, and some 
r&iarks concerning ,thei6 may be of interest. The* charac- 
teristSc ^symptoms are essentially as follows : the invalid 
appears in the cons>;lting-room in a bent position, leaning upon 
a stick with hqad and hands shaking.* The gait is clumsy 
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(spastic-paralysis) so that the patient ‘ steps ’ rather than walks. 
When seated, the tremor ceases to some extent, but in pur¬ 
posive movements increases rapidly, involving the whole body, 
so that an exact systematic examinatioji becomes impossible, 
and the invalid sinks back into the chair exhausted and bathed 
in pqfspiration. He complains of cold in the extremities. He 
looks pale ; the skin of the upper extremities ns totally without 
feeling, as also is the upper part of the feet; the skin of the 
head is h 5 rpersensitive ; the muscular strength of the arms 
is almost lost; testing the strength brings on marked shaking, 
followed by a fainting-fit caused by exhaustion. The 
extiemitifes of the patient are cyanotic (livid); the knee 
jerks are exaggerated. The patient suffers from indigestion, 
constipation, headache, and giddiness; he is irritable, and 
depressed ; his memory is weak ; mental derangement cannot 
be proved. 

Chronic carbon bisulphide poisoning is rarely fatal. Slight 
cases end in recovery after more or less long continuance; in 
severe cases improvement occasionally takes place, but serious 
nervous disturbance (paralysis, weakness of the muscles, 
deterioratiSn of intellect) usually persists. 

Treatment is symptomatic, aiming especially at reheving 
the mrvous symptoms and improving the state of nutrition. 
If psychical disturbances arc prominent, treatment in an 
institution is necessary. 


CYANOGEN AND CYANOGEN COMPOUNDS (CYANOGEN GAS, 
PRUSSIC ACID, CYANIDES) 

Industrial cyanogen poisoning is not frequent. Cyanogen 
gas(C 2 N 2 , existing in small quantities in furnace gas, illuminating 
gas, and other kinds of gas) and especially hydrocyanic acid 
(CNH, prussic acid) are considered industrial poisons; the 
latter is a very unstable, colourless, pungent-smeUing liquid, 
boiling at C. Among the cyanides employed industrially 
and haying ur, effect similar to tha'. of j)russic acid must Be 
mentioned cyanide of potassium and cyanide of sodium (KCN 
and NaCN), cyanide of silver (AgCN) and cyanide of mercury 
(Hg[CNy 
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Cyanogen and cyanogen compounds are extraordinarily 
powerful poisons. The minimum dose lies, as Lehmann has 
proved by experiments on animals, at about 0’05 per thousand 
of hydrocyanic acid ip the atmosphere breathed; 1-5 mg. per 
kg. weight is fatal to animal^ ; to man about CO mg. would be 
fatal. 

The poisonous action of cyanogen and cyanogen compounds 
depends upon their power of preventing absorption of oxygen 
from the blood by the tissues with the result that the vcnouji 
blood flowing to the heart retains the bright red colour which 
otherwise only arterial blood exhibits. This effect is due to 
cessation of the gaseous exchange in the body, aad results 
in tissue suffocation. At the same time these poisons have at 
first an exciting and then a paralysing effect upon the central 
nervous system. In severe poisoning the nerve effect is 
masked by the effect upon the exchange of gases in the blood, 
since this quickly leads to death. 

Most of the cases of industrial poisoning under this head¬ 
ing result from inhalation; absorption of liquid cyanogen 
compounds through the skin can rarely come into considera¬ 
tion. ‘ 

If largo quantities of hydrocyanic acid have beeq. inhaled, 
death ensues very quickly. The person affected falls down 
suddenly, breathes with difficulty, the pulse soon becomes 
imperceptible, and after a more or less long stage of deep 
unconsciousness (coma) hfe becomes extinct. 

In slight cases of poisoning the patient feels a sensation 
of irritation in the throat, giddiness, sickness, and difficulty 
in breathing ; occasionally such disturbances persist for some 
time. 

Some writers hare described symptoms in workers 
manipulating prussic acid and cyanides, which they believe 
to be due to chronic prussic acid poisoning. Complaint 
is made of oppression of the chest, throat irritation, giddi¬ 
ness, difficulty in breathing, palpitation, hebetude,^ exhaustion, 
a^d nausea and vomiting; ‘in certain instances the attack, 
aggravated hy exhaustion and weakness, culminates In death. 
Ii is* a /question whether such poisonings are chronic in the 
true sense of the word. In view of the mode of action of 
hydrocyanic aqid, such cases of sickness should rather be 
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accounted acute or sub-acute poisonings through repeated 
action of small quantities of the poison. 

It may be mentioned that in persons working with alkaline 
cyanides (especiaUy in electro-plating), skin affections occa¬ 
sionally occur ; these are traceable to the caustic effect of 
alkaline cyanides. 

Treatment by oxygen inhalation with simtjltaneous artificial 
respiration holds out most prospect of success. This holds 
•good for acute poisoning by the other poisons belonging to 
this group. Besides this, saline injections and bleeding are 
recommended, and also the administration of an infusion of 
sodium thiosulphate solution. 


GROUP: ARSENIURETTED HYDROGEN AND 
CARBONIC OXIDE (BLOOD POISONS) 

Included in this group, as in the former one, are substances 
chemically very different from each other, but of which the 
action is especially on the blood. Besides this common 
effect, the?e substances also produce various other effects, such 
as loca’ irritation, effect on the nervous system, &c. The 
indu; jial blood poisons, which according to their chemical 
constitution are classed among the aliphatic and the aromatic 
series of organic compounds, will, for the sake of clearness, 
be discussed in the following chapters. 

ARSENIURETTED HYDROGEN 

A<cato a-’seniuretted hydrogen poisoning, produced by 
inhalation t.f relatively very small quantities of arseniuretted 
hydrogen gas (AsH,) is in most cases industrial in origin. 
The absorption of an amount corresponding to about O'Ol 
mg. arsenic suffices to produce severe poisoning symptoms. 
The poisqpous effect results chiefly from action upon the 
red blood corpuscles, which* are dissolved (hEemolysis)..' 
Arseniuretted hydrogen is therefore a genuine blood poison. 
The effect upon the blood, if not immediately fatjl i,o life, 
is to cause the dissolved blood-colouring matter to pass into 
the tissues whf?re, though some is deposited, most goes to, 
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and acts injuriously on, the organs, especially the liver, spleen, 
and kidneys). In cases running at once a fatal course, the 
impoverishment of the blood caused by the lack of colour¬ 
ing matter necessary^ to internal respiration produces tissue 
suffocation, which is therefore the primary cause of death. 
In cases not immediately fatal, the injury to the functions of 
the organs alluded to (for instance, cessation of the functions 
of the kidneys, &c.) may lead to death secondarily. 

Symptoms of the disease appear often only some time afterj 
the poisoning has set in, and begin with general malaise, 
sickness, collapse, fainting fits, and difficulty of breathing; 
after some hours the characteristic signs follow—the urine 
becomes dark red to black, containing quantities of blood 
colouring matter and dissolved constituents of the blood, 
and later also bile colouring matter, so that a coppery 
jaundice comes on if the illness is prolonged. The region of 
the liver, spletm, and kidneys is painful. Heverc cases often 
edd fatally during the first stage of the illness, more rarely 
later, with increased difficulty of breathing; sometimes 
death occurs after a preceding comatose stage marked by 
convulsion.s and delirium. In slighter poisoning' cases the 
symptoms abate in a few days and recovery follows ., 

The treatment of arseniuretted hydrogen poisoning is 
similar to that adopted in the case of all other blood poisonings: 
in addition, if possible, direct transfusion of blood from the 
artery of the giver into the vein of the receiver, liquid 
nourishment, saline injections, and, above all, prolonged 
oxygen inhalation. 


CARBONIC OXIDE (CO) 

Carbonic oxide (CO) is a colourless, odourless gas which 
frequently causes both acute and, it is said, chronic industrial 
poisoning. 

Carbonic oxide is a very poisonous gas ; even as little as 
O’?per thousand in thp alfCnosphere breathed has a poisonous 
effect ,v about 2-3 per thousand can be dangerous to life. 

Its poisonous effect results from its power of combining 
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with the blood-colouring matter or hasmoglobin to form 
carboxy-hsDmoglobin ; the affinity of carbonic oxide for the 
haemoglobin of the blood is more than 200 times greater than 
that of oxygen, so that, however small the amount of 
carbonic oxide in the air, it is ftievitalAy absorbed by the 
blood and retained. The blood so altered, assumes a cherry- 
red ^our, is unable to effect the necessary exchange of gases 
for internal respiration, and in consequence of the lack of 
gxygen suffocation ensues. 

\lfithout doubt, however, carbonic oxide has also an 
immediate effect upon the central nervous system (first excita¬ 
tion, foltow'ed quickly by paralysis). It is maintained also 
that besides the action upon the hsemoglobin it favours coagu¬ 
lation of the blood through the disintegration of the blood 
corpuscles. The last-mentioned action is thought to account 
for the sequclcC of carbonic oxide poisoning, but they can 
also naturally be accounted for by the direci® effect of the 
poison. " 

Onset of .symptoms is very sudden if a large quantity of 
pure Ciirbonic oxide is inhaled. The affected person immedi¬ 
ately falls’down unconscious and succumbs after drawing a 
few breaths with difficulty. 

less acute cases the illness begins with premonitory 
symptoms, generally headache, sickness, giddiness, sleepiness, 
though in cases of fairly rapid absorption these are absent, 
and are naturally absent also when the poisoning creeps upon 
the affected persons while asleep, as occasionally happens 
in cabins, &c., in factories. If the poisoning continues, in¬ 
creasing mental dulness, accompanied by nausea and vomiting, 
lead.s sometimes to a short stage of seemingly drunken excite¬ 
ment, whicls preludes deep unconsciousness during which there . 
is often a'convulsive stage, followed by complete loss both of 
sensation and of reflex action ; the breathing becomes shallow 
and intermittent, the pulse small and irregular, and finally 
death ensues. Occasionally in the stage of unconsciousness, 
death is hastened by entrance* of vomited matter into thei 
respiratory passages. Bright red pitches are seen on the b3liy 
after death. 

If persons affected by severe carbonic oxide poisoning^ 
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are withdrawn from the poisonous atmosphere after having 
reached the stage of unconsciousness, they may recover, 
but often with difficulty ; not infrequently—in spite of suit¬ 
able treatment—death occurs some considerable time later 
from the symptoms *describ(;d above. Still, in many oases, 
under the influence of right treatment, gradual recovery 
has been brought about, even after long unconsciousness 
accompanied by repeated convulsions. In the rescued the 
symptoms described as charaotcristio of the first stage often 
continue for at least a day. Purtlier, they are liable to a 
number of serious after effects, such as severe inflammation 
of the lungs due to infection by the entrance of‘vomited 
matter into the air passages, skin affections (rashes), 
and especially severe nervous and mental affections. Fre¬ 
quently these develop from centres of softening in the brain 
or from inflammation of the peripheral nerves (neuritis); 
occasionally the poisoning may really only bo the predisposing 
cause for the outbreak of an existing psychical disease. It is 
not our task to enumerate all the extremely varied disturb¬ 
ances which are observed after carbonic acid gas poisoning. 
Neuralgias and paralyses have been described as ‘associated 
with the peripheral nerve symptoms over areas supplied by 
different nerves ; various forms of diseases of the brain and 
spinal cord (poliomyelitis, paralysis, sclerosis, &c.) ; and finally 
a series of psychoses (neurasthenia, melancholia, mania, &e.), 
occasionally passing into dementia and imbecility. Glycosuria 
(sugar in the urine) has also been noted as a sequela. 

Chronic carbonic oxide poisoning, arising from continued 
inhalation of small quantities of the gas, sets in usually 
with symptoms similar to those of acute carbonic oxide 
poisoning ; if the worker continues exposed to danger, severe 
symptoms may arise which point to marked alteration of 
the blood and later also of the digestion and bodily functions. 
Under certain circumstances severe nervous and mental 
affections are said to occur similar {.o those which we have 
.mentioned as sequelse of acutC'carbonic oxide poisoning (oon- 
vuRions, disturbances , of ‘itoental activity, symptoms'" which 
resembie progressive muscular atrophy, &c.). 

In acute carbonic oxide poisoning oxygen inhalation inde- 
^’atigably continued and supported by artificial respiration 



CARBONIC ACID POISONING 


201 


is often suocessful. The serious danger from this form of 
poisoning render i it very necessary that in all premises where 
there is risk provision' should be made for the administra¬ 
tion of oxygen. The sequelae can of course only be treated 
symptomatically. 


OXYCHLORIDE OF CARBON (PHOSGENE) 

• Oxychloride of carbon (COCL), also called phosgene, is, at 
the ordinary temperature, a colourless gas with a disagree¬ 
able smell. il’Iiis decomposes in moist air into carbonic oxide, 
hydiochl(frio acid, or chlorine, and produces a strongly irritant 
local effect upon the muct.us membr -nes. Industrial poisoning 
by phosgene is oharaotcrised by great difficulty in breathing 
and iiiflammatloii of the respiratory tract (bronchitis and 
bloodstained exj)octorati('n). 

Scveri! cases have been treated successfully by oxygen 
l/ihalation. 


, NICKEL CARBONYL 

Th(! ''fleets of nickel carbonyl are described on pp. 
186-S. 


CARBONIC ACID 

Carbonic acid (CGj), a colourless gas, is heavier than air 
(specific weight, 1’526), and therefore, wherever it collects, 
sinks to the ground. Carbonic acid is only very slightly 
poisonous; afiout 10 per cent, carbonic acid in the air 
causes aspln xia. The extinguishing of a candle flame will 
serve as an indication that the amount of carbonic acid in 
the atmosphere has reached this point. Cases of industrial 
carbonic acid asphyxia are sudden; they do not occur 
frequently. , 

The gradual action of the ga# when mixed with air pro¬ 
duces firSt a tingling sensation on fne ^rface pf the bodj^ 
reddening of the face, irritation of the mucous mqpibtane 
and the respiratory organs, after which succeed diflSculty in 
breathing, palpitation; fainting, and unconsciousness. 
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Sudden and fatal poisoning occurs industrially. Upon 
entering places fiUed with carbonic acid gas the affected person 
falls down dead almost immediately. These are cases of 
asphyxia, in which the lack of oxygen certainly plays the 
greatest part. If ^hose affected by acute carbonic acid 
poisoning are removed in time out of the dangerous atmo¬ 
sphere they usuaily recover quickly. 

Oxygen inhalations and artificial respiration are to be 
applied in severer cases. There are no scquelsc. 


GROUP: HYDROCARBONS OF THE ALIPHATIC AND 
AROMATIC SERIES AND THEIR HALOGEN AND 
HYDROXYL SUBSTITUTION PRODUCTS 

Tlie industrial poisons comprised in this group have as their 
principal general effect injurious action upon the functions 
of the central nervous system (paralysis or causing excita¬ 
tion) which is prominent in most of the cases of industrial 
poisoning caused by these substances. This effect is most 
marked in the case of the readily volatile (low boiling) hydro¬ 
carbons, while those less volatile and boiling at a higher 
temperature often have collateral effects (such as local irrita¬ 
tion). The characteristic poisonous effect caused by the 
chlorine and hydroxyl-substitution products (chloroform and 
aJcohol group) is also mainly on the central nervous system 
(narcosis). 


HYDROCARBONS OF MINERAL OIL 

BENZINE, LIGROINE, PETROLEUM, PARAFFIN, VA.SBLINE 

Mineral oil (crude petroleum) Ijas, according fo its origin, 
differing composition. Thu^ in American mineral oil hydro¬ 
carbons of tjie methane*teries preponderate ; in the^Eussian, 
hydrocarbons of the aromatic series. Eeference has been 
made in Part I. to this point, as well as to the separation of 
crude petroleunj into its different fractiofls. 
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, The injury to health produced by crude petroleum and its 
derivatives is of two kinds. Direct contact with liquid petro¬ 
leum and the semi liquid and solid deposit after distillation 
(paraffin) cause local injury to the skin. Inhalation of the 
volatile constituents of raw pAroleum causes symptoms 
affecting mainly the central nervous system. They have 
moreover a markedly irritating effect upon the mucous mem¬ 
brane of the respiratory organs. These substances clearly 
ejhibit the characteristic wc have referred to, namely, that 
the hydrocarbons boiling at low temperature act as nerve 
poisons, whereas those boiling at a higher temperature pro¬ 
duce a loeal irritant effect. 

Tnc skin affe'-ctions take the form of inflammation of the 
hair follicles (acne), eruptions with characteristic formation 
of vesicles, and pimples and pustules which precede the deep- 
seated format ion of ulcers, abscesses, &c. 

In paraffin workers the acne-like skin inflairmations are 
known ar ‘ paraffin eczema.’ They develop sometimes intd' 
cancer of the skin (warty and epitlicliomatous growths). 

In the general poi,3oning produced by inhalation of petro¬ 
leum fumes •the effect upon the central nervous system is all 
the more plainly and clearly marked when the irritant effect of 
the hy Irocarbons boiling at higher temperature is slight or 
absent; that is, in the case of poisoning which arises solely 
from industrial products of low boiling hydrocarbons ; among 
these benzine is included. 

Acute poisoning from inhalation of benzine fumes begins 
with headache, sickness, and attacks of giddiness resembling 
alcoholic intoxication. If very much has been inhaled, the 
patient quicl^y becomes unconscious, with occasionally 
muscular tremors, convulsions, difficulty in breathing, and 
cyanosis. 

In cases of poisoning by inhalation of fumes of crude petro¬ 
leum, these symptoms may be complicated by coughing, 
intense infln.mmation of th(p mucous membrane of the respira¬ 
tory organs—congestion, bronchitis, bloodstained expectora¬ 
tion, anA inlLmmation of the lifegs.i In wprkers who 
frequently remain long in an atmosphere filled with beifeine 
fumes, further symptoms of chronic benzine poisoning show 
themselves—meqtal hebetude, pains in the li^bs, trembling. 
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weakness of the muscles, and other disturbances of the nervous 
system ; in such cases these may really be signs of continued 
attacks of acute or sub-acute poisoning; many benzine 
workers are anaemic. 

The treatment ^of acute benzine poisoning consists in 
oxygen inhalation, with simultaneous artificial rospijation. 
Treatment of chronic derangement of health is symptomatic. 


HYDROCARBONS OF THE AROMATIC SERIES 

BENZENE AND ITS HOMOLOGIIES 

BeMzene (C,jH,,) is a characteristically smelling (aromatic) 
liquid which boils at 80'5° C. Acute benzene poisoning, 
which plays an important part as an industrial poisoning, is 
caused by Inhalation of benzene fumes. The various kinds 
of benzol used commercially contain, besides benzene, 
alkyl benzenes, especially toluene (methylbenzene, C,;Hr,.CH 3 , 
boiling-point 111 ° C.) ; xylene (dimethylbenzene, C,.H 4 [CH.|] 3 , 
boiling-point 140° C.); pseudocumene and mehitylene (tri- 
methylbenzene, CcH-JCHjIj, boiling-point 169° or 163f° C.); the 
regular presence of thiophene (C 4 H 4 S, boiling-point 84° C.) in 
commercial benzol must also be taken into account. Industrial 
benzol poisoning arises, therefore, as a rule, not from the 
action of pure benzene vapour, but from fumes which contain 
a mixture of the compounds mentioned. 

The course run by industrial benzol poisoning is often very 
acute, if large quantities are inhaled—death occurring suddenly, 
after a short illness with symptoms of vertigo. Gradual 
inhalation of lesser qu&ntities gives rise to headac^^ie, giddiness, 
malaise, then twitchings appear which develop into convul¬ 
sions, and lastly unconsciousness. In order to ascertain in 
what manner the various substances contained in commercial 
benzol share in the poisonous efSect, experimental research 
jeemed to me to be indisnensable, especially as published state¬ 
ments so far gave no*accurate data. 

"fwa cases of industrial benzol poisoning' have given rise 
to close experimental research upon the poisonous nature of 
benzene. 
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■ Lewin undertook experiments on animals, which he confined 
under beUs and caused to inhale fumes of chemically pure and 
impure benzene. He mentions that even at comparatively low 
concentration poisoning results, and indeed more readily and 
certainly from the action of impurfe than jfure benzene. Lewin 
found that when air was made to flow slowly first through 
benzene and then into the bell, symptoms of paralysis, con¬ 
vulsions, and unconsciousness showed themselves in from four to 
^ minutes. After-efl'cets by this means could not be observed. 
Lewin maintains, however, that in man even slight acute 
action of benzene can be followed by after-effects (giddiness, 
sickness, headache, distress in breathing, and oppression of 
the heart). 

Santesson made researches upon the poisonous action of 
benzene in connection with occurrence of certain cases of poison¬ 
ing through ‘ impure benzol ’ (coal-tar benzene) in a rubber tyre 
factory. In the factory mentioned nine youngowomen were 
poisoned, of whom four died. The symptoms shown wei'u 
lassitude, anaimia, giddiness, headache, vomiting, and fever. 
Post mortem, htemorrhages and fatty degeneration of the 
endothcliuili of the bloodvessels and various organs were 
found. , Experimental research showed that commercial 
benzu’ and chemically pure benzene had the same effeet. 
Santesson did not succeed in his experiments on animals in 
producing chronic poisoning by inhalation of benzine and of 
benzene fumes (which two completely different poisons he does 
not distinguish strictly from each other, as is the case, unfortu- 
natelj', with many other writers). My experimental researches 
upon the poisonous effect of pure benzene, pure toluene, 
eumene, thiofhene, and the most important kinds of com¬ 
mercial benzol gave the following results : 

Eor rabSits the hmit of toxieity is a proportion of 0'016 
to O'Oie per thousand pure benzene in the air, that is 0’016 
to 0'016 c.c. benzene vapour per htre of air. 

A concentration of 0’06f>-0‘057 per thousand pure benzene in 
the air causes in rabbits at once-*-after one minute—twitchii^ 
of the ftiuscLs; after eight minut^, ccjnvulsioijs; after ten 
minutes, deep narcosis; and after twenty-five minutes, ftsma. 
If the animal is taken out of the bell in time, even if it has 
shown marked symptoms, it recovers very quickly (in two to 
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ten minutes) without -manifesting any after effects. Even in 
animals repeatedly exposed to the poison sequelae were not 
observed. 

Dogs are somewhat more susceptible to pure benzene than 
rabbits ; 0’024 per tthousahd causes after ten minutes severe 
convulsions, which after twenty minutes become continuous ; 
0-042 per thousand kills after twenty minutes (sudden death 
in a state of tetanus). 

Cats arc less sensitive than dogs and more sensitive thi^n 
rabbits ; 0'03-0-04 per thousand causes after ten minutes 
attacks of cramp and, after twenty minutes, convulsions ; 0-05 
per thousand at once brings on poisoning symptoms. As 
regards the character of the symptoms (cramps, convulsions, 
quick recovery, no after effects) the above statements apply 
to all three kinds of animals (rabbit, dog, and cat). 

Chloral hydrate completely checks the convulsions and 
enables aninv-ls to tolerate higher concentrations of benzene for 
k longer time. 

Benzene is thus to be counted among nerve irritant poisons. 
The convulsions are probably provoked by excitement of the 
motor centres in the brain. '■ 

In view of the fact that thiophene in a concentration of 
0-03-0-05 per thousand in the air was borne by animals for 
an hour without producing any symptoms of poisoning, the 
proportion of thiophene in commercial benzol must be looked 
upon as practically non-injurious. 

The so-called 90 hmzol —a commercial benzol of which 
90 per cent, distils at 100° C.—has naturally a somewhat 
weaker action, although, in respect of the poisoning symp¬ 
toms produced, it is similar to that of pure benzene. 

Pure toluene (boiling-point 111° 0.) and puj-ified. toluol 
(commercial product, boiling-point 109°-112° C.) produce, when 
inhaled, gradually increasing narcosis in the three kinds of 
animals referred to ; they produce no symptoms of convulsions 
or spasms. 

After the animals have bden taken out of the bell, recovery 
is not so rapid as qfter^ benzine inhalation, but takes from 
half An hour to one hour. In rabbits and cats 0-046-0-06 per 
thousand produces after fifteen minutes staggering and paresis; 
after thirty minutes deep narcosis. The dog w again somewhat 
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more susceptible, as little as 0'034 per tbousand causing these 
symptoms in the same time. 

‘ Purified toluol ’ (commercial product) acts somewhat 
less rapidly than pure toluene, but this small difference in 
effect need hardly be considered.* 

Other poisons were also investigated :— 

Solvent naphtha 1, a commercial product,, of which 90 per 
cent, comes over at 160° C. ; it contains little toluene, chiefly 
^lene, pseudocumene, and cumene. 

hiolvmt naphtha II, of whieh 90 per eent. comes over at 
175° C., it eontains besides xylene, eliiefiy pseudocumene, 
mfiritylene, eumene, &c. 

'"he fumes of solvent naphtha T cause, when inhaled bj 
rabbits, dogs, and cats, gradual narcosis, although not nearly 
so quickly as toluene at similar concentrations; recovery usually 
takes over an hour after the deeply narcotised animals have 
been removed from the beU. Rabbits and cats qfe affected in 
about equal degree. The dog is the more sensitive. Rabbits 
and cats can tolerate about 0’012-0’013 per thousand of the 
fumes of solvent naphtha I in the atmosphere for a long time 
without any symptoms. Only after breathing for fifty minutes 
air cont<^ining 0‘0536 per thousand do they become narco- . 
tised. In the dog 0’036 per thousand causes narcosis only" 
after thirty minutes. %- 

With the fumes of solvent naphtha II I could not affect^. 
rabbits at all. The cat also, in spite of long inhalation of the 
heavy ^umes, showed no marked symptoms of poisoning. In 
the dog gradual narcosis came about only after an hour’s 
inhalation of 0'048 per thousand. 

The fume./ of pure xylene caused narcosis in rabbits after 
forty minut^' ’ inhalation of 0‘06 per thousand in the atmo¬ 
sphere ; after being taken out of the bell the animals recovered 
slowly (after half an hour to one hour). 

Cumene causes jio symptoms after one hour’s inhalation in 


a concentration of 0'06 to ,0‘07 per thousand. This explains 
the effects o.^solvent naphtha I (irfwhich xylene preponderates^ 
and solv&lt naphtha II (in which ps^iidoaumene, pumene, &c., 
preponderate). After effects were not observed. . *' 


Benzol and toluol fumes, and particularly those of solvent 
naphtha, exerejse tr distinctly irritant effect upon the 
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mucous membrane, which, however, passes off without after 
effects. 

Pure benzene, therefore, proved the most poisonous of 
the substances under investigation. When inlialed its effect 
(convulsions, with qtiick recovery) differs essentially from that 
of toluene, solvent naphtha, xylene, and cumene (gradual 
narcosis, slow recovery). The fumes of the various kiii’ds of 
commercial benzol (solvent naphtha) boiling at a higher 
temperature are practically non-poisonous (solvent naphtl^ji 
II). Pure benzene fumes are, however poisonous, oven in 
very small quantities in the air. The limit for animals lies at 
0 015“0’016 per thousand. % ' 

Lehmann has shown in a recent work that man, exposed 
to a mixture of benzene and air, absorbs 80 per cent, of the 
benzene. 

Treatment of acute industrial benzene poisoning consists 
in severe cases of artificial respiration, with simultaneous 
idministration of oxygon ; in slight cases it is sufficient to 
bring the patient into fresh air. 

Naplilhalene. —Naphthalene, which is insoluble in water, 
has irritant effect upon the mucous membrane and upon the 
skin when brought into contact with it. 

Ijong continuance in an atmosphere containing naphthalene 
as dust or fumes causes headache, nausea, giddiness, &c. 


HALOGEN SUBSTITUTION PRODUCTS 

ALIPHATIC SERIES (NARCOTIC POISONS) 

The halogen substitution products of the aliphatic senes 
are not of much account as industrial poisons.' They have 
generally a narcotic efiect, that is, a paralysing efiect upon the 
central nervous system, usually preceded by a short stage of 
excitement. This efiect shows itself typically on inhalation 
of chloroform (methanetrichlcjride, CHCL), which however plays 
no part as ^n industrial*'poison. The narcotic efiebt of the 
othet aytyl chlorides is leas than that of chloroform. With 
carbontetrachloride (CClj) the narcotic efiect is only half 
that of chloroform ; it causes, however,» more violent exoita- 
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tion ; inhaling the fumes brings on nauSea, coughing, sickness, 
headache, &c. 

Methylchloride (CH 3 CI) has a less narcotising effect. On 
the other hand it has a stronger local irritant action, which is 
indeed present also in chloroform, though not so apparent. 
Thi^ gas, as is well known, is used as a local anajsthetic in 
medicine. • 

Pure methylene chloride (CH2CI.2) similarly is much less 
j^werful than chloroform. Severe poisoning, alleged to 
have resulted from methylene chloride was caused by a 
mixture, called indeed methylene chloride, but composed of 
melhylalcfehol and chloroform. 

Uf the remaining halogen sub.stitution products of methane, 
methyl bromide (CHjBr) and methyl iodide (CH 3 I) have given 
rise to industrial poisoning. 

Tho.se poisons also act in the same way as the alkyl chlorides, 
but the excitement accompanpng the narcosis is more marked 
—so far .as the scanty observations allow conclusions to be 
di'awn. ^'he symptoms first show themselves in sickness, 
giddiness, hebetude, .slowing of respiratory movements and 
of the heart’s action ; convulsions or delirium ensue. 

Treatment consists in artificial respiration or promotion of 
breatbmg by a plentiful supply of fresh air or oxygen ; in 
pronounced narcosis stimulating remedies should bo applied. 

BENZENE SERIES 

Chlorobenzene, and nitro- and dinitro-chlorobenzene and 
benzoylchhride, have given rise to industrial poisoning. 

To chlorobenzene similar action is attributed as to benzene 
(headache, f.'iinting, rapid breathing, cyrnosis); changes in the 
blood (methfemoglobin formation) have also been observed. 

Nitro- and dimiro-chlorobcnzeno are active poisons; the 
effect corresponds in general to that of nitro- and dinitro¬ 
benzene, but in addition tfie fumes or dust have markedly 
irritant action on the skin (dermatitis). 

Benzoylchhride (C0H5COCI), a col.’.lirl^s, pungent-smelling 
liquid, produQps a violently irritant effect upon the jnvftious 
membrane, decomposing into hydrochloric acid and benzoic 
acid. 
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Treatment is analogous to that of benzene poisoning, and 
in cases of benzoyl chloride poisoning to that by hydrochloric 
acid. 

It may be mentioned that chlorine ra.sh is attributed to the 
action of chlorinatedHar pro&ucts (chlorobenzene compounds). 


HYDROXYL SUBSTITUTION PRODUCTS 

FATTY SERIES (ALCOHOLS) 

The hydroxyl sub.stitution products of the fatty series 
belong mainly to the narcotic poisons ; the greater the mole¬ 
cular weight of the alcohol, the more marked is usually the 
narcotic effect. According to this propylalcohol is eighteen 
times as poisonous as cthylalcohol; butylalcohol and amyl- 
alcohol have from 36 to 120 times as great a narcotic effect as 
methylalcohel. 

" Methjlalcohol (wood spirit, CHjOH) plays relatively the 
greatest part among alcohols as an industrial poison, because 
it is employed as a means of denaturing spirit. Its poisonous 
nature is relatively great, being very persistent. Industrial 
poisoning by methylalcohol is due to inhalation of the 
vapour and is rarely of a severe nature. The fumes have 
a strongly irritant effect upon the mucous membrane, giving 
rise to throat irritation, cough, hoarseness, and in severe 
cases bronchitis and inflammation of the conjunctiva of the 
eye. In addition inhalation of methylalcohol vapour causes 
headache, giddiness, nau.sca (inclination to vomit), and 
occasionally also twitchings and tremor. 

The higher alcohols (propyl-, butyl-, amyl-alwhol, C3H7.OH, 
C 4 H,j.OH, and CjHn.OH) occur in fu.sel oil. They cause but 
slight (if any) industrial poisoning. Cases of more severe 
industrial poisoning through amylalcohol fumes have been 
described (in factories for smokeless powder), with symptoms 
of sickness, headache, giddiness, wjth fatal issue in some cases, 
preceded by severe nervUus symptoms (convulsions or 
delirium). , , 

Bejiond speedy removal out of the dangerous atmosphere, 
probably no special treatment is needed in these cases of 
industrial poisoning from alcoholic vapour. 
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GBOVP: NITUO AND AMIDO COMPOUNDS OF THE 
ALIPHATIC AND AROMATIC SERIES {BLOOD 
POISONS WHICH FORM METHMMOGLOBIN) 

Characteristic of the nitro and amido compounds of the 
aliphatic and aromatic series of the organic substances is 
their action upon the blood. The normal oxyhscmoglobin 
(lilood-colouring matter) is changed into methsemo- 
globin, with which the oxygen is so firmly combined that 
the internal exchange of gases necessary to life becomes 
impussibld. Methaemoglobin has a dark chocolate-brown 
colour and a clearly defined characteristic spectrum. 

Of the poisons belonging to this group several arc important. 
In BO far as these substances are volatile—and this is generally 
the case with those causing industrial poisoning—effects are 
due to inhalation of fumes, but it is proved that the poisons of 
this grouji in liquid form can be absorbed by the intact skin, 
and this channel of absorption is characteristic of industrial 
poisoning. Severe poisoning results especially from wetting 
the skin by*spilling on the clothes, &c. 

The grey-blue discoloration of the mucous membrane, 
especi. Jly of the lips, is characteristic ; sometimes also the skin 
is altered in colour. This discoloration is often noticed 
by others before the patient feels unwell. Soon the 
person affected has general nausea, vomiting, headache, 
giddine ,8, severe nervous symptoms, feeling of anxiety, 
and difficulty of breathing ; in severe cases unconsciousness 
comes on, and death occurs with increasing cyanosis 
(lividif.y). 

Treatiiiei t is naturally that which has been emphasised in the 
introductory words to Part II, which hold for all blood poison¬ 
ings. In mild cases oxygen treatment has given good results. 
In all factories where such poisoning can occur provision should 
be made foi; immediate oxygen treatment. Besides this, the 
workers must be adequately instructed as to the danger an(l 
symptoms of poisoning, especially of the characteristic pre- 
monitoi} akin discoloration, in order to be able to assist liheir 
fellows. 
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NrrBOCOMPOITNDS 

ALIPHATIC SERIES 

Nitro-glycerin (ftriple titric acid ester of glyeerin, 
C3H5.[N03]3), the well-known oily explosive liquid, has also an 
irritant local effect. When absorbed into the body, in addition 
to methsemoglobin formation, it causes dilatation of the blood¬ 
vessels, slowing of the re.spiration and heart’s action, and attacjis 
of suffocation. The general remarks upon this group apply here, 
but symptoms referable to central paralysis occur as the 
methasmoglobin formation i.s .slow. Industrial poisoLiing arises 
through inhalation of gases containing nitro-glycerin and 
also by absorption through the skin. Statements as to its 
poisonous nature are very varied. Under certain conditions 
moistening the skin with small quantities of nitro-glycerin 
suffices to produce symptoms. Probably the susceptibility of 
llifferent persons varies greatly. 

Ainylnitriie (nitric acid amyl ester, C^HnNOj), a eharac- 
teristically smelling liquid, acts similarly. The fumes of 
amylnitrite, even when inhaled in small quantities, cause 
marked dilatation of the bloodvcs.sels, through paralysis of the 
muscular walls of the bloodvessels, thus causing marked flushing 
of the face; the pulse beeomes quick, then weak and slow. 

mTRO AND AMIDO COMPOUNDS 

AROMATIC SERIES 

The substances of this group are important. 

Nitrobenzene (CijHsNOj, named oil of mirbarte), a yellowish 
liquid of characteristie smell, induces especially t^hv formation 
of methiemoglobin in the blood; the effect upon the central 
nervous system (first excitation, then depression) is often 
absent. The description of the disease in general in the 
introductory words of this whe^e group is characteristic, 
pccasionally signs of asphy^iia show themselves; sometimes 
there are twitchingr, disturbance of the power of ‘sensation, 
and‘convulsions ; early diseoloration of the mucous membrane 
and the skin, which assume a blue to grey-black colour, is 
characteristic. 
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Chronic poisoning is also attributed tcfnitrobenzene, showing 
itself in lassitiide, headache, malaise, giddiness, and other 
disturbances of the nervous system. 

Nitrotoluene (CcH^CHjNO,), of which the ortho-compound 
acts most powerfully, and also nitroxylt.ne (C6H3[CH3]2N03) 
have.similar but less marked effect. 

The dinitrobenzenes (C(iH][N 02 ] 2 ) are stable? bodies. Meta- 
dinitrobenzenc inhaled as dust or otherwise, can produce 
marked poisoning symptoms essentially the same as those 
described. Especially characteristic is the early dark 
discoloration of the skin. 

^Sympt^ms resembling nitrobenzene poisoning in general 
are caused by nitroplivnols (C.H.j.OH.NOo), of which 
paranitrophenol is the most toxic; also by dinitrophcnols 
{G|,H3[N0„]20H), solid crystalline substances which melt at 
different temperatures, andthomoMo- and di-nitrochlorobenzenes 
(C|;H 4 .C 1 .N 02 and C 3 H 3 .C 1 [N 02 ] 2 ). In cases ^f industrial 
poisoning by dinitrophenol, observed by Leymann, tht 
workers vere taken suddenly ill, with .symptoms of collapse, 
pains ill the chest, vomiting, distress of breathing, rapid pulse, 
and convulsions, and died within a few hours. At the autopsy 
a yellow substance wais found with picric acid reaction which 
appeal ed to be di- or tri-nitrophenol. In other cases, some 
fatal, of industrial nitrochlorobenzene poisoning, also observed 
by Leymann, the typical grey-blue discoloration of the skin 
was obvious, and the chocolate-brown colour of the blood 
produced by methaemoglobin. 

Trinitrophenol (picric acid, C|iH2[N02]30H) is a yellow 
crystalline compound with bitter taste; poisoning by this 
substance exhibits clearly strong local irritant action (upon 
skin, mu cor j membrane, and intestinal canal, and especially 
upon the kidneys), besides effect on the blood and central 
nervous system. Prolonged action of picric acid upon the skin 
causes inflammation. Absorption of picric acid dust causes 
inflammatioji of the muems membrane of the respiratory 
passages and symptoms of gastric*and intestinal catarrh as welj 
as inflammation of the kidneys. 

A jauiidiae-like discoloration of tne sKin ana aarKening 
of the nrire ore also characteristic ; sometimes picric acid 
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poisoning produces a! rash resembling that of measles and 
scarlet fever. 

Nitrona'phtJialene (CioHj[N02]) and nitronaphthol 
(C10Hu.NO3.OH) in addition to methsemoglobin formation 
have an irritant action, it is stated also that dulness of 
the cornea is produced. 

Azobenzenes 41 so, whicli arc to be considered as intermediate 
between nitrobenzene and aniline, form methsemoglobin (azo- 
benzene, CuHjN=NHuCu). r 

Aniline (amidobenzene, CuHu.NHu), a colourless, oily liquid 
of aromatic smell, has only slight local irritant effect. In the 
frequent cases of industrial poisoning by ‘ aniline oil *’ or aniline 
hydrochloride, in which the aniline enters through the skin or is 
inhaled in the form of fume, there appear the typical symp¬ 
toms common to this group, of the action upon the blood 
through methasmoglobin formation: headache, weakness, 
cyanosis, difficulty in breathing, &c., to which are added 
nervous symptoms such as convulsions and psychical disturb¬ 
ance, although these play a subordinate part in industrial 
poisoning. In severe cases the typical symptoms of air 
hunger are shown. Occasionally recovery only takes place 
gradually, and signs of irritation of the kidneys and inflam¬ 
mation of the urinary organs are seen. These symptoms occur 
only rarely in acute industrial poisoning, but are, however, 
in so far worthy of notice because of the frequent occurrence 
of tumours in the bladder among aniline workers. It is 
possible that here the irritant action of the urine which contains 
aniline plays a part. The tumours in the bladder operated 
upon, in some cases with success, were many of them non- 
malignant (papillomata), but some were carcinonfkta (cancerous 
new growths) running a malignant course, and r(*cUWing after 
operation. In the urine the aniline combines with sulphuric 
acid, and is partly excreted as paramidophenol sulphuric acid.. 

The treatment of aniline poisoning is the same as that for 
all the poisons of this group. In view of thp oecurrence 
/)f tumours of the bla^^der in aniline workers, th^y should 
be instructcrd to seek medical aid on the first indications of 
trouble, so that a careful cystoscopic examinution may be 
made. 

Toluidine ((luH4.CH3.NH2), which is mixed with aniline for 
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industrial use, produces the same syjnptoms with marked 
irritation of the renal organs. 

Of the nitroanilines (C0H4.NH2.NO2) faranitroaniline is 
the most poisonous. Characteristic of the action of this com¬ 
pound is meth®moglobin formation, central paralysis and 
paralysis of the heart’s action. 

Of the benzenediamines, paraphenylcne diamim (C0H4[NH2]2) 
may be regarded as an industrial poison. The irritant action 
^f this substance is prominent; it induces skin affections, in¬ 
flammation of the mucous membranes, more especially of the 
respiratory organs, and sometimes inflammation of the kidneys. 
Tiicy haw! been noted in workers using ursol as a dye ; here, 
doubtless, the action of diimino (CcHj.NH.NH.) must be taken 
into account, which arises as an intermediate product and 
exorcises a markedly irritant action. Further, the geneial 
effect of paraphenylcne diamine is an irritant one upon the 
central nervous system. 


APPENDIX 

TURPENTINE, PYRmiNE BASES, ALKALOIDS 

Turpentine oil. —Turpentine oil is a peculiar-smelling, 
colourless liquid of the composition CigHic; different reactions 
show that turpentine oil contains the aromatic nucleus 
(cymeue). It is used in the manufacture of varnish, and thus 
can cause industrial poisoning by inhalation of fumes. Even 
from 3 to 4 mg. of vapour of turpentine oil per litre of air 
brings on s. vere symptoms. Turpentine oil acts as a local 
irritaiit. .,i. 1 when absorbed into the system has an exciting 
effect uj)on the central nervous system. Inhalation of large 
quantities of turpentine vapour cause rapid breathing, 
palpitation, giddiness, stupor, convulsions, and other 
nervous disturbances, pains in the chest, bronchitis, and 
inflammation of the kidneys.'- ^he last- mentioned symptom , 
also arises from the chronic actions’ll tqypentine vapours. * 

, Pyr!diner—Pyndine (C5H5N), a colourless liquid oj peculiar 
odour, is employed as well as methylalcohol in denaturing 
alcohol. The ^disturbance of health observed in workers 
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occupied with the denatured spirit are probably mainly 
due to the inhalation of fumes of methylalcohol. Pyridine is 
comparatively innocuous. Eczema, from which persons suffer 
who come into contact with denatured spirit, is ascribed to the 
action of pyridine. Jjarger fioses produce a paralysing effect, 
but this need not be considered in its industrial use. 

Nicotim, tobacco .—According to various published state¬ 
ments, effects among tobacco factory workers are attributed 
to the nicotine contained in tobacco dust and to the arom?, 
which fills the air. Nicotine in large do.scs has at first an 
exciting followed by a paralysing effect upon the central 
nervous system; it causes moreover contraction of the 
unstriped muscles and has a local irritant effect. 

The symptoms of illness ascribed to nicotine arc : con¬ 
junctivitis, catarrh of the air passages, palpitation, headaehe, 
want of appetite, and, particularly, tendency to abortion 
and cxccssivetimcnstruation. Severe industrial poisoning duo 
to nicotine has only been observed in workers who chewed 
tobacco leaves. 

Poisonous wood .—The symptoms of disease noticed in 
workers who manipulate certain kinds of wood are'attributed 
by some writers to the pre.senec of alkaloids. Such ki>pwledgc 
as we have of the illness due to them—they arc evidently 
of the nature of poisoning—is referred to at the end of Part I. 
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PREVENTIVE MEASURES AGAINST INDUS¬ 
TRIAL POISONING 

I 

GENERAL MEASURES 

Itt discussing preventive measures against industrial poisoning 
the deductive method from the general to the particular 
will be followed. The numerous instances of poisoning 
mentioned in Part I afford a practical basis on which to 
formulate general rules before passing on to describe special 
measures. Technical details will be omitted, as they must be 
loft to the technical expert whose business it is to draw up the 
plans as a whole and to modify them according to the require¬ 
ment," of individual cases. 

In the effort to control industrial poisoning and disease it 
is necessary to insist absolutely on the concerted action of all 
concerned. In this co-operation every one is called who 
througn his knowledge and sphere of activity is in a position to 
assist. 

The medical man comes in with his special knowledge of the 
action of poisons as toxicologist, as practising physician (especi¬ 
ally a.s wnrk.= surgeon and doctor of the sick insurance society), 
and also in an official capacity as appoiilted surgeon or medical 
officer of health ; the technical expert comes in as engineer, as 
manager, as foreman, and as factory inspector. But above 
all the interest and active co-operation of employers and 
employed (ve needed as well as the organisations of both. 
That the,workers should understand ^nd co-operate is essentiqj 
for the success of preventive measures,’and subsequently it 
will be shoviffi in what direction this co-operation ‘is most 
necessary. 


21V 
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To make possible suck co-operation interest must be 
aroused and suitable information and teaching supplied to the 
parties concerned. Medical men and practical workers require 
to receive instruction in industrial hygiene, and teaching on 
this subject should Ijie arrari^ed for in secondary and technical 
schools. Medical men and others who, as officials and insur¬ 
ance doctors, are brought constantly into touch with industrial 
workers should have opportunity—by means of special courses 
and lectures—to keep pace with advancing knowledge in tips 
direction. Beside these tliere are, as educative organisations, 
special Institutes of Industrial Hygiene and special ho.spitals 
for treatment of diseases of occupation wliich bring together 
the patients and the teaching staff and so facilitate pursuit of 
knowledge and research. A beginning of this kind has 
already been made by the Industrial Hygiene Institute, 
Frankfurt a.-Main, and the liospital for diseases of occupation 
at Milan, showing that the ideas arc attainable. Inter¬ 
national agencies which unite aU circles intorostod in the 
subject irrespective of profession or nationality in common 
interchange of thought and discussion are of great significance 
for uniform development of needful preventive* measures; 
international congresses, often in connection with oxjiibitioiis, 
have given valuable stimulus and liave been tlie starting-point 
of permanent international societies, unions, and organisations. 
The significance for our inquiry of these international efforts 
will be more closely considered in the following pages. 

II 

GENERAL CONSIDERATIONS ON SOG\AL AND 
LEQISL,ATIYE MEASURES 

INTBRNATIONjVL preventive measures, notification of 

INDUSTRIAL POISONING, LISTS AND SCHEDULES OF INDUS¬ 
TRIAL POISONS 

Experience and inquiry iA the field of industrial poisoning 
fed to a series of deipanAi which, supported as they were by a 
geneial .movement for the protection of workenp, were soon 
followed by regulations and legislative action. For a long time 
efforts have been directed to treat industrial disease and poison- 
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ing in tlie same way as has been done ia the case of industrial 
accidents. The question, however, is attended with much 
greater difficulty. On the other hand, uniform international 
regulation of questions affecting prevention of disease is called 
for both on humanitarian and ec’onomic grounds. 

The idea of international legislation for the protection of 
workers was first mooted about the year 1870.* The possibihty 
and need of such intervention was much discussed and interest 
id it kept constantly alive, especially in Switzerland, until 
the organisations of the workers took up the idea. Several 
attempts failed. In France in 1883 a proposal of the Socialist 
party aifhing at international agreement on the subject of 
protection of the workers was rejected. In 1885 (in opposition 
to Hertling) Prince Bismarck expressed himself strongly against 
the possibility of such international protection. But the stone, 
once set rolling, could not be stayed. In the years 1886, 1887, 
and 1888 the French and English trade unions, as well as the 
Swiss Federal Council, took up the question afresh. These 
ondeavo’us at last took tangible shape in the first International 
Conference for the protection of workers held in Berlin in 
March 18?0. This date remains a landmark in the history 
of the subject, but not until ten years later—1900—did the 
Cong, ess hold in Paris for tiie international legal protection of 
workers lead to the establishment of what had been repeatedly 
urged, namely, creation of an international Bureau. This 
was inaugurated at Basle in 1901 and forms the headquarters 
of the National Associations for Labour Legislation called into 
being in various countries. 

This International Association meets regularly in conference, 
as in Oolog ie (1902), Berne (1905), Lucerne (1908), Lugano 
(131o;, Zurich (1912). The questions raised in the Inter¬ 
national Labour Bureau, which receives financial aid from a 
number of States, .are fully and scientifically discussed with the 
object of finding a basis on which to bring into agreement the 
divergent Jaws of the difierent countries. A further task of 
this strictly scientific institutiofi is the collection and publica- 
tion of literaLure bearing on the piotection of workers in one 
and aiiothe» country, distribution of information,, and the 
editing of reports and memoranda. The question of prevention , 
of indusiria’ poisonihg has always taken a foremost place in the 
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programmo of the International Association and in the agenda 
of the International Labour Bureau. At its first meeting a 
resolution was adopted advocating the prohibition of the 
use of white phosphorus and white lead, and the Labour 
Bureau in Basle yas instructed to take the necessary 
steps. Special, if not prohibitive, economical considerations 
foreshadowed difficulties—all the greater because the matter 
at issue concerned prohibition of articles playing a part in the 
markets of the world. Just on that account international 
treatment of such questions is necessary, since a peaceful and 
orderly solution can only be arrived at on such lines. Inter¬ 
national effort endeavours here to press with equal weight on the 
countries competing with one another commercially, so that in 
the protection of the workers economic adjustment is sought 
in order that efforts based on humanitarian grounds shall not 
at the same time cause economic disadvantages, the aim being 
to produce general welfare and not merely protection of one 
class at the expense of another. 

Through these international agreements between various 
countries success in the direction aimed at is hopeful, and 
indeed to a certain extent—as in the phosphorus and lead 
questions—actually attained. Thus, for example, (^'crmany 
and Italy were in a position to enforce prohibition of the use 
of white phosphorus early, while their neighbour Austria, on 
account of commercial and political considerations and the 
conditions of the home lucifer match industry, has only 
recently decided on prohibition. 

As international agreement for the protection of workers is 
advisable on economic grounds, so also is it reasonable and 
just from purely humanitarian reasons that workers, without 
reference to civil condition or nationality, should”!, 
protected. On this point it is proposed to take a vote and tc 
press only for those reforms which are thoroughly sound and 
recognised as necessary. 

The first step in such a comprehensive attack is precise know¬ 
ledge of the extent and source bf origin of the particular forms 
ol: industrial ppisoning antf'disease and the collection of reliabh 
statistics. This suggested the obligation to noti6y such cases 
to the proper authorities in the same way as is now done in 
the case of infectious disease. A motion to .this effect had 
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already been passed at the Conferenje of the International 
Association for Labour Legislation held in Basle, and a 
request was made to the Labour Bureau to prepare a list 
of the diseases and poisonings in question. To them we 
shall refer later, but a sohodtfle is qecessary as a basis 
to jvork upon. Yet even when this is done there are 
obviously great difficulties to be overcome in carrying out 
the requirement of notification when the aim is kept in 
ijj-ind of collecting complete statistical data for controlling 
the conditions giving rise to industrial disca.se. The proposal 
of the International Association seeks to make notification 
ol?ligatory on the part both of the medical practitioner in 
attendance and the ocouT)ier, and in connection with this to 
secure the co-opcration of the Sick insurance Society.* The 

* In Groat Biitain acotioii 73 of the Factory and Workshop Act, 1901, requires 
every medical practitioner attending on or called in to visit a patient whom he 
believes to be auhering from lead, phosjihorus, arsenical or mercurial poisoning, or 
anthrax, contracted in any factory or workshop, to notify the Ohiof Inspector of 
Factories, jukI a similar obligation is placed on the occupier to send written notice 
of every cas'’ to the ins|X)etor and certifying surgeon of the district. 

'J'hc tabli! on p. 222 show.*? the nmnbcr of reports included in returns for the 
yearn 1900-12^ 

(’-’scs of acute poisoning in factories and workshops are report ble to the 
Insjxictor ^nd certifying surgeon, under the Notice of Accidents Act, 1906, when 
(«) ci'.D'ing loss of life or (h) due to molten metal, hut liquid, explosion, escape of 
gas or stuam, and so disabling any person as to cause absence throughout at least 
one whole day from his ordinary work. 

Tho following table gives indication of the relative frequency of cases of 
poisoning from gases and fumes, although some were reported os accidents the 
result of the unconscioiisnoss induced : 


Naturo of Qus or Pumes. 

1912. 

1911. 

1010.; 

1909. 

1908. 

(1) 

(2) 

(3) 

(4> 

(5) 

(6) 

1 

Carlton inonc .dc . 

' ■^p5;'*f5ias furnace .... 

ni'-' 

64'' 

63" 

53" 

55* 

;w* 

18- 

19' 

16 

29" 

(b) Power (Buction, prcxlucer, Mond, 
Bowson). 

19^ 

31' 

25 

25* 

192 

(c) Coal. 

20- 

02 

4 

11' 

9 

(d) Other. 

lO-’ 

11' 

s- 

1' 

1 

Sulphuretted hydrogen .... 
Carbon diox^e . . . • . 

0 

8" 

2 

62 

8' 

32 

1' 

2' 

22 

4" 

Ammonia.•. 

1 

1' 

2 

1 

1 

Chlorine a.nd hvdrochlorio acid fumes 


5' 

3 

1 

1 • 

Nitrous fumes. 

12' 

• 18- 

11 

122 

3' 

Nitr<- r!!d amMo derivatives of benzene . 

9' 

21 

18 

4 

2 

Naphtha and wnzene .... 

3> 

1' 

— 

1' 

2 

Other (Sulpj-ur dioxide, &o.) . 

• 

- —^— 

7- 

4 

4 

4 

3 


Tlid principal Hgures are those of all cases, fatal and non-fatal: tho toall hguies r^to to fatal 
oases. 
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The principal numbers relat« to cases, the small figures to deaths. Fatal cases not reported in previous years are included as both cases and deatiis. 
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proposal to require the appointed surgeons and surgeons of the 
Insurance Society to notify all cases is hardly feasible in view 
of their dependent position. Nor can the obligation on the 
occupiers lead to the desired result because of their lack of 
medical knowledge and the fact that by notifying they might 
be forced to act to their own disadvantage. A successful 
effort in this direction is recorded in Saxeny, where lead 
poisoning was first made a notifiable disease, and later the 
gqperal duty of notification of industrial poisoning was pre¬ 
scribed by Order dated March 4, 1901. 

My own experience does not lead me to expect much in 
elucidatio* of industrial diseases from the Sick Insurance 
Societies. In Austria they make a statistical return as to 
the causation of illness to the ceiural authorities. I have 
myself—in my capacity as an official of the State Central 
Board—exaniined these in order to try and gain knowledge 
of the exfont of industrial disease in Bohemia , In spite of 
the returns drawn up by the district surgeon who visits th3 
factories in question, it was impossible for me to obtain a com¬ 
plete picture of the extent of industrial sickness. The reports 
only give \%luable data on which to base action in particular 
cases, and from this standpoint I do not under-estimate their 
value. But so far as the expressed wish of the International 
Association is concerned they appear to fulfil it, inasmuch as 
for specially dangerous trades special reports are issued, the 
Austrian law for sick insurance requiring such industries to 
instituf e separate sick insurance funds with separate statistics. 
Hence, under present conditions, I do not .see how the duty 
of notification will be effective. There remains the endeavour 
to secure, inrurance and the right to claim compensation for 
1 •‘V'ease in the same way as is .provided for accidents. 
This point was fully discussed at the eighth International 
Congress for Workmen’s Insurance held in Rome in 1908. 
There is no valid ground for granting compensation only for 
sudden disturbance of health arising in the course of employ¬ 
ment by acmdent or acute poisoning, and withholding it in the 
case of gradvr^ disturbance of heaRii caused equally by th8 
trade, as the affects of such chronic indisposition weigh.often no 
less heavily on the sufferer. Inclusion of industrial disease in 
the same category as accident insurance, as indeed has been 
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done in France, Swijizerland and Great Britain, has, apart 
from the fact that it is dictated by fairness and humanity, the 
advantage of removing existing hardship and of solving 
doubtful cases. Correct statistics, further, would thus be 
obtainable for the first time, and the employer by insurance 
would be freed from the legal proceedings now frequently 
brought against him for injury due to ehronie industrial 
poisoning. And it seems the more right and just eourse to 
institute a general scheme of insuranee against industrial 
disease than to have recourse to an Employer’s Liability Aet 
in this or that ease, partieularly as the question often arises 
in regard to a disease which develops graduaUy-i-In whose 
employment was the disease eontracted ? 

Clearly in such a scheme of insurance against both aecident 
and industrial disease only specific industrial diseases would be 
included, i.e. diseases in which the connection with the industry 
can be cleanly established as due to causes inherent in the 
industry, and traceable to definite materials used. Such diseases 
as tuberculosis and the effects of dust inhalation (bronchitis, 
&c.), which as industrial diseases occur only too often, cannot 
bo called specific, because they arise outside the industry and 
make decision impossible as to whether or not in a particular 
case the disease owed its origin to the occupation. In order to 
determine what should be regarded as specific industrial poisons 
it was deemed necessary to draw up a schedule. For one such 
list Sommerfeld (in collaboration with Oliver and Putzeys) is 
responsible, Carozzi of Milan for a second, and Fischer * for a 

* Fischer adopts a chemical basis in his classification. His two main sub¬ 
divisions are (1) inorganic and (2) organic poisons. The sub-divisions of the 
inorganic poisons are (o) non-motallic—chlorine, calciom chlo^o, hydrochloric 
acid, potassium chlorate, hydrofluoric acid, carbonic oxide, p.iosge!ioj‘ carijuii 
dioxide, cyanogen compounds, ammonia, nitrous fumes, phosphorus, phosphoretted 
hydrogen, arsenic compounds, antimony compounds, sulphur dioxide, sulphuric 
acid, sulphuretted hydrogen, carbon bisulphide, chloride of sulphur; and (b) 
metallio—chromic acid and chromates, manganese dioxide, sulphate of nickel, 
mercury and lead. The sub-divisions of (2) tlpi organic substances are into (a) the 
unsaturated carbon compounds—beni^ne, petroleum, methyl-, ethyl-, amyl-, and 
c,llyl-aloohol, oxalic acid, form%l^ and acetaldehyde, acrolein, acetone, methyl- 
bromide and iodide, nitro-glycerin, dimethyl-sulphate and amyl acetate, and (6) the 
aromefuic (Series benzene, nitro-, chloro-nitro-, dinitro-, chlolto-dinitro-benzene, 
phenol, picric acid, phenyl-hydrazine, aniline, and certain aniline colours, para- 
nitraniline, pyridine, naphthalene, nitro-naphthaleae, naphthlyamine, naphthol, 
benzidine, acridine, turpentine, and nicotine. 
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third, published in 1910. Those by Sommfrfeld and Fischer are 
constructed in similar fashion—enumeration of (1) the poisonous 
substance, (2) the industries in which it is made or used, 
(3) the channel of absorption, and (4) the symptoms produced. 
Sommerfeld enumerates the poisons in alphabetical order, 
noting against each the requisite preventive measures, while 
Fischer adopts a chemical classification, confining himself to 
general introductory remarks as to prevention. 

Sommerfeld proposes to limit notification to poisoning 
sharply defined as to the symptoms set up, such as lead, phos¬ 
phorus, mercury, arsenic, chromium, carbonic oxide, aniline, 
beniene, nitrobenzene, carbon bisulphide, and nitrous fumes. 
This simplifies the obligation to notify, but does not dissipate 
the fears expressed above as to the difficulty, because in the 
present development of the chemical industries new substances 
involving new danger to the persons handling them are con¬ 
stantly being discovered, and thus there can be nn finality as 
to which industrial poisonings should entitle to compensation. 
And if recourse were had from time to time to additions of new 
substances to the schedule, reliance would have to be placed on 
experience \i<ith regard to each substance added, and thus the 
actual individual who had suffered would not benefit. Fischer, 
indeed, ac^owledges that any schedule must be incomplete, 
and emphasises the fact that continual additions would be 
necessary; otherwise it would be better to refrain altogether 
from publication of a list. Such lists may be valuable guides, 
but no sure foundation for insurance legislation. The only 
possible way to do this is to give as far as possible a correct 
definition of the industrial diseases entitling to compensation 
and, in isolated cases, to leave the decision to the expert opinion 
»’ idges. 

Extension of workmen’s insurance to cover chronic 
industrial poisoning is, iiowever, most desirable in the interest 
of employers and employed, and also of science. The German 
accident insurance legislation is especially suited to do this, 
since the tradb organisations direcl^ their attention not only to 
the prevention of accidents but of indifetriai diseases also. 
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III 

SPECIAL PEEVENTIVE MEASURES FOR WORKERS 

SELECTION, CHOICE OF TKADE, ALTERNATION OF EMPLOYMENT, 
MEDICAL CONTROL, SAFETY AIT’LIANCES, INSTRUCTION AND 
CO-OPERATION OF WORKERS, CLOTHING, ATTENTION TO 
CLEANLINESS, FOOD, GENERAL WELFARE 

Aa a practical measure in protection against trade risk 
selection of those capable of resisting danger hastto be con¬ 
sidered. It is obviously desirable to select for employment 
in a dangerous trade persona possessing powers of resistance, 
because predisposition and resistance to the action of poisons 
differ markedly in individuals. To some extent such a 
selection conies of itself, aa those who are very susceptible are 
..obliged by rejicated attacks to give uj) the ivork. The social 
and physical misery, undeserved loss of employment, illness, 
and perhaps early death following on this kind of selection 
might be cheeked by timely medical examination >;o as to weed 
out the unfit. But medical examination prior to admission 
into a dangerous trade (actually practised in many industries 
involving risk of poisoning) inflicts hardship on those seeking 
employment, and recruits the ranks of the unwillingly 
unemployed. It would be much better ivere it possible to meet 
the need of selection by pertinent direction and guidance in 
choice of calling. There should be insistence in technical 
schools especially on the dangers inherent in certain industries, 
school medical examination as to physical qualifications for 
certain industries, and careful note made of individu al. Buit|S (r 
bility in labour bureaus, apprentice agencies, and the like. 

Young female workers, naturally le8.s able to resist, should 
be excluded from work involving risk of poisoning—a prin¬ 
ciple which has been acted on in the legislation of civilised 
countries. 

Further, workers <iigagod in industries involving risk 
should not be exposed to the pernicious influence for too long a 
time. Hence the hours of employment should be shortened in 
occupations proved to be injurious to.health. An important 
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aid in this respect is altetnation of employment. Change of 
occupation is particularly recommended iphere the nature of 
the poisoning of which there is risk is cumulative in action, 
because in the intervals from the work the system will rid 
itself of the accumulated store. In this way a number of 
skilled resistant workers, familiar with the. risk and knowing 
how t(3 meet it, will be maintained. Casual labour works in a 
vicious circle—increase of fresh workers increases the danger 
and the number of cases of poisoning, and, vice verm, these 
au^ent again the need of change in the personnel, so that the 
number of cases of poisoning rises very high. I'kiis the industry 
itse]*^ may be endangered, since its prosperity depends mainly 
upon the existence of a skilled staff of workers. In dangerous 
trades, therefore, Hermann Weber’s M'ords, ‘ Change of work 
instead of change of workers,’ have much force. 

Periodical medical examination in these industries cannot 
well be omitted in older to weed out the physically unfit, and 
to suspend from work those who show early ■ symptoms. 
Note should be kept of the state of health of the workers, the 
results of the jicriodical medical examination, the duration 
of symjitom^ and the treatment of any illness that occurs. 
Medical supervision presupposes special training and experi¬ 
ence in tht' medical man entrusted with the task. 

Further, in some industries in whieh poisonous materials 
are used, especially such as sot up acute sudden poisoning, 
there should be a trained staff competent to recognise the first 
symptoms of poisoning and to render first aid, and having at 
its disposal adequate means of rescue. 

Apart from the rescue appliances generally needed in 
dangerous trades, stress must be laid on the value of oxygen 
apparatus as v means of saving bfe. In addition to what 
“ik'needed for the sufferer there must be defensive apparatus at 
hand for the rescuers (breathing helmets, &c.), to facilitate 
and make safe their rescue work when in a poisonous atmo¬ 
sphere. Without such defensive equipment rescuers should 
never ventuae into gas co^iduits^ or into any place where 
presumably a poisonous atmosphere is to be met with. It 
hardly requires to be said that in dangerous industries medical 
aid should be within easy reach ; in large works actual iftedical 
attendance may be necessary. 
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In acute as well as in chronic cases of poisoning early medical 
intervention is advisable. Hcncc medical aid should be sought 
on the earliest appearance of symptoms, and the worker, there¬ 
fore, should know the nature and action of the poison with 
whicdi he comes into oontyct. This brings us to the subject 
of the education (A' the worker and particularly observance 
of all those rulfs and regulations in which his co-opera£ion is 
nece.ssary. This co-operation of the workers is indispensable ; 
it is the most important condition of effective defence. The 
best regulations and preventive measui’es are \\’orthlei3s if the 
worker does not observe them. Ho must be taught their aim, 
the way of using the means of defence ; lu! must ,be admon- 
ished to use them, and, if necessary, compelled to do so. The 
co-operation of workmen’s organisations in this matter can 
avail much, since a workman most rc^adily follows the advice 
of a fellow-workcu’. 

Teaching of the kind suggested can be done in different 
^ways. Apart from lectures and ))ractical courses, concise 
instructions, cither in the form of notices or as illustrated 
j)lacards, should be posted up in tin? worki’ooms or handed 
in the form of leaflets particularly to the new]^ employed. 
Distribution of such leaflets might well be placed as a duty 
on the employer. ' 

Of preventive measures applying to the individual those are 
of prime importance w'hich serve to protect the worker, as far 
as is practicable, from coming into contact with the poison. 
Protection of this kind i.s attained by wearing suitable 
clothing, use of respirators, and careful cleanline.ss—especially 
before partaking of food. It cannot be too strongly urged that 
these precautions are a very potent defence against the danger 
of industrial poisoning, especially of the chroA^c forms^^and 
in teaching workers their importance must be insisted om It 
is not sufficient merely to put on overalls over the ordinary 
clothes. The ordinary clothes must be taken off before the 
commencement of work, and working suits put on, to be taken 
off again before the principal midflay meal and before leaving 
•work. They should bermade of smooth, durable,« washable 
material. and be properly washed and dried not less often than 
once a week. They must be plainly eut without folds or pockets. - 

Direct handling of the poisonous substances is to be avoided, 
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but where this is necessary impervious gteves may have to be 
worn, especially in the case of poisons which can be absorbed 
through, or act injuriously on, the skin. If there is risk of 
splashing or spilling of poisonoUiS liquids on to the clothes, 
impermeable or partly impermeable ov iralls (aprons, &c.) 
shoulQ be worn. The obligation of providing the overalls or 
working suits falls naturally on the employer in industries 
where poisonous substances arc used, and there is equally 
obRgation on the employee to use the 
articles provided. 

Suitable cloakroom accommodation 
is essential, by which is meant room not 
only to change clothes with cupboa;'Is 
or hooks on one side for clothing taken 
off on commencement of work and on 
the other the, working suits, hut also 
ample wa.shing accommodation. These 
cupboard,s should bo double, that i,s, 
be divided by a partition into two 
parts, one serving for the ordinary and 
the other for the working clothe.s. 

Pr,.;,o„iion of the respiratory organs .•!,r,,_Aluminium 

can to .some extent bo obtained by so- Itcspirotor 

called respirators worn over the mouth 

and nose. Often they consist simply of a moist .sponge or folds 
of cloth, or again may be complioated air-proof affairs enclosing 
mouth end nose, or the whole face like a mask, or even the head 
like a helmet ; they fit close, and the aperture for respired air 
is provided with filtering material (cotton wool, &c.) placed 
between tw'c layers of wire gauze. The outer layer of the 
gauze moves on a hinge, so that the filtering material can be 
renewed after each tim.e that it has been used. The construo- 
tion of respirators is extraordinarily varied. One form is 
illustrated. They must be light, and in order not to obstruct 
breathing seriously they are oftfn provided with valves— 
closing d-'min-r inspiration and opening during exhalation.* 
Generally the respirators in common use'do not quite satis¬ 
factorily fulfil the conditions required. After a time the 
pressure becomes irksome, the face becomes hot, breathing 
more difficult, and discomfort from wearing them unbearable. 
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Respirators are only to be regarded in the light of secondary 
aids and for occasional use. 

During temporary exposure to an atmosphere charged 



Fia. 36.—Hmoke Helmet, Flexible Tubing, and Foot Bellowfi {Siebe, Gorman & Co.) 


with poisonous dust the wparin^ of an efficient^ apparatus— 
* preferably one proteotieg the head—is very desirable. 

Respirators afford no protection, or a ver^ imperfect one, 
against dangerous gases or fumes. If soaked with an absorbing 
or neutralising fluid they can scarcely Jbe worn for any length 
of tipje. 
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In an atmosphere charged with poisonous gas recourse 
should be had either to a smoke helmet with flexible tubing and 
bellows or to an oxygen breathing apparatus so constructed 
that the workman carries the necessary supply of oxygen with 
him in a knapsack on his back. Cn the latter case oxygen 
from, a compressed cylinder of the gas js conveyed to the 
breathing mask, so that respiration is independent of the 
surrounding atmosphere. 



Ii’lQ. 37.—Diagram of Draoger 1910-11, Patteru H {R Jacobson) 

P .Mkali-cnti iilgoB; K Cooler; C A-spirating pipe; L, Purilieil air 
Lj Expired air. 


The mode of working is represented diagrammaticaUy in 
figs. 37 and 40 After putting on the helmet, the bag is first 
filled with fresh air, the air valve is then closed, and the valve 
of the oxygen cylinder unscrewed so as to permit of the flow of 
the oxygen \vLich, mixes with the afr in ^he bag, and begins tR 
circulate ; tile expired air passes through the caustip potash 
pellets P, which free it of carbonic acid gas, so that, with a fresh 
supply of oxygen from the cylinder through the pipe C, it is 
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regenerated and made fit for breathing again. The pressure 
in the cylinder is m'easured by a manometer, which indicates 
also when the supply of oxygen gives out. 

Another apparatus—the ‘ Proto ’ patent self-contained breath¬ 
ing apparatus (Fleusa-Dfivis patents)—is also illustrated in fig. 
39. Illustration *10 gives a diagrammatic view of the principle 



Fid. 38.—Showing the Pofcish Cartridge No. 2 with Change Mechanism X ; 
No. 2 Oxygon Cylinder with Spanner V ; and on tiie Loft a Hexagonal Socket U, 
for nnscrewing the Looking Nuts of Reserve Cylinders (F. Jacdiam) 


upon which it is designed. Thf instructions ^ir using the 
‘ Proto ’ apparatus are as Mlows : ^ 

The oxygen cy^indiAi (B, B), having been charged with 
oxygen through the nipple at (H) to a pressure of 1|20 atmospheres 
(about 1800 lb.s. per square inch), are to be re-attaehod to the 
belt as shown, and the reducing valve, with its tubes, &c., is to 
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be conneeted to the nipple at (H). Tljis supply is sufficient for 
fully two hours. 

CJiarging the breathing bag .—Put 4 lbs. of stick caustic soda 
into the bag (D), i.e. 2 lbs. mto each compartment, and im¬ 
mediately fasten the mouth of the bag by moans of the clamps 
and wing nuts (0). If the apparatus is not to be used at once, 



Fio. 39.—‘I’ruti,’ patent aelf.contained breathing apparatus ISiebe, 
Qorman <t- Co.) 

but is to be hung up for use at some future time, the indiarubber 
plug which is supplied with tjie apparatus should bo tightly 
fitted;, into the mouthpiece in orde 7 ,to prevent access of air lift 
the caustic soda, and to preserve it unti? required for use. 

See thiA the inlet and outlet valves (T and S) and the con¬ 
nection (N) are screwed up tightly. 

T1 0 small relief valve (K) is only to be opened (by pressing 
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it with the finger) .when the bag becomes unduly inflated 
through excess of oxygen. This may occur from time to time, as 
the reducing valve is set to deliver more than the wearer actually 
requires. 

Equipment .—The wholt apparatus is supported upon a 
broad belt which i^ strapped round the body. The bag is also 
hung by a pah; of shoulder braces. 

The wearer having put the equipment over his shoulders, 
fastens the belt and takes the plug out of the mouthpiece. The 
moment the mouthpiece is put into the mouth or the mask fs 
adjusted, the main valve (H) is to be opened not more than 
one turn and the necessary supply of oxygen will then flow into 
the bag. It is advisable to open the by-pass (I) 'to inflate 
partially the breathing bag (D) for a start, but this valve should 
again be screwed up quite tight and not touched again, (ixeept 
in the case of emergency as previously described should the bag 
become deflated. Breathing will then go on comfortably. 

Should the by-pass (I) on the reducing valve (C) get out of 
t order then the wearer should turn on the by-pass (I) from 
time to time to give himself the necessary quantity of oxygen, 
but, as stated above, this is only to be done in ease of deflation 
of the bag. The best guide as to the (juantity oxygen to 
admit in the above circumstances is the degree of inflation of the 
breathing bag. It will be found to be quite satisfatd^y if the 
bag be kept moderately distended. 

After using the apparatus .—The caustic soda .should at once bo 
thrown away, but if it is neglected and the soda becomes caked, 
it must be dissolved out with warm water before putting in a 
fresh supply. Caustic soda will not damage vulcanised india- 
rubber, but it will damage canvas and leather, and will bum the 
sldn if allowed to remain upon it. 

If the apparatus is to be used again at once, it can bo re¬ 
charged with caustic soda at once, but if it is only to be charged 
ready for use at some future time the indiarubber bag should 
be thoroughly washed out with warm water and dried inside 
with a cloth or towel. 

When emptying or recharging the mbber bag with caustic 
soda, it must always be removed from the canvas bag. After 
use each day, it is advisable to wash the rubber mouthpiece 
(or mask, the ca^ mll^ be) with yellow soap and water. This 
acts as a preservative to the indiarubber. ^ 

Every man who is to use the apparatus should have his own 
mouthpiece and noseclip, or mask, as the case may be, under 
his qwn special care, both for sanitary reasorik and so that he 
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Kig. 40.— * Troto ’ Patent Solf-breathing Apparatus {Siebe, Oorman di Co.) 
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Fig. 41. —Arrangonient of Cloak-room, Washing anfL Bath Accommodation, 
and Meal-room in a White Lead Factory ' 
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may shape and adjust the mask to fit himself comfortably and 
air-tightly, to such an extent that if the outlets are stopped up 
by the hands while the mask is hold in position by its bands no 
breath can pass in or out. 


.Where poisonous substances giving off (lust or fumes are used, 
regular washing and rinsing the mouth (especially before meals 
and on leaving) is of great importance. Naturally the washing 
conveniences (basins, soap, brushes, towels) must be sufficient 
and suitable, and the workers instructed as to the importance 
of cleanliness by the foreman. They should be urged to bath 
in' rotatien, and time for it should be allowed during working 
hours. 

The taking of meals and use Oj. tobacco in the workrooms 
must be prohibited. Meal rooms should be so arranged as to be 
contiguous to the cloakroom and washing accommodation, the 
worker gaining access to the meal room through the cloakroom 
and bathroom. The arrangement described is* illustrated in 
fig. 41. Tiie meal room serves also the purpose of a sitting- 
room during intervals of work, and it goes without saying that 
cloakroonf and lavatory accommodation are as necessary in 
small as in large premises. 

N niplc lavatory basins of smooth impervious surface fitted 
with a waste pipe and plug, or tipping basins, arc recommended 
in preference to troughs which can be used by several persons 
at once. Troughs, however, without a plug, and with jets of 
warm water, are free from objection. 

The douche bath has many advantages for workmen over 
the slipper bath. The initial cost is comparatively small, so 
that it can be placed at the disposal of the workers at very sma.11 
outlay. Maintenance and cleanliness of douche baths are 
more easily secured than of other kinds, where changing the 
water and keeping the bath in good order involve time and 
expense. A dressing-room should form part of the douche 
or slipper bath equipment. Walls and floors must be im¬ 
pervious afid, preferably, lined .with smooth tiles or cement. 
It is beA(;r that the shower bath shUnld be under the control Si 
the worker b^ a chain rather than be set in motion by.mqans of 
mechanism when trodden upon. The arrangement of baths is 
illustrated in fig. 43.. In many large works large bath buildings 
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Fio. 43.—Washing Trough, Douche Baths, and Clothes Cupboards, Type common on the Continent 
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have been erected. Fig. 44 is a plan of the splendid bath 
arrangements at the cSolour works of Messrs. Lucius, Meister 
& Bruning of Hochst a.-M. 

Naturally maintenance of the general health by good 



Fio. 44a.— ]$aUw in the lloehst Aniline Workw [ajUr Grandhmimc) 


nouri.shing diet is one of the best means of defence against 
onset of chronic industrial poisoning. Over and over again it 



Fia. 44b. —Grount^ Floor 

• ‘has been noticed that ill-fe^workers speedily succumb to doses 
of poison which well-ilourished workers can resist. It is not 
our prfivihee here to discuss fully the diet of a working-class 
‘ population. We merely state that it is a matter of vital 
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importance to those employed in dangerous trades. The 
question of a suitable drink for workers •to take the place of 
alcohol calls for special attention, as, when complicated with 
alcoholism, both acute and ehronic poisonings entail more 
serious results than they otherwi.se would do. Over-indulgence 
in alcohol, owing to its effect on the kidneys, liver, digestion, 
nervous system, and power of assimilation gen^irally, requires 



Fig. 44o.—Firnt Fluor. 

n, c, (slipper and douche) fur workmen; b, VV^asliing accommodation for 
workmen ; d, e, Baths tor officials ; g. Attendant’s quarters; f, Hot air (Turkish) 
baths; Warm ' atcr reservoir. 

to be ehecked in every way possible. Apart from good drinking 
water, milk, eoffec, tea, fruit juices and the like, are excellent. 
Milk is especially recommended, and should be supplied gratis 
to workers in dangerous trades, notably where there is risk 
of lead poisrJning. ’ 

Lastly,* ot^er features sueh as games and exercise in the 
open air, which^ help to strengthen bodily health, mustjioJ be 
forgotten. In this connection much good work has already 
been done by employers’ and workers’ organisations. 
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IV 

OEi^ERAL REMARKS ON PREVENTIVE MEASURES 

t 

GENERAL PRINCIPLES, SUBiPITUTES FOR LANGEROUS MATERIALS, 

CLEANLINESS 'OF WORKROOMS, CUBIC SPACE, VENTILATION, 

REMOVAL OF DUST AND FUMES 

Preventive measures against industrial poisoning aim at 
an unattainable goal of so arranging industrial processes that 
employment of poisonous substances would be wholly avoided. 
Such an ideal must be aimed at wherever practicable. Pro¬ 
hibition of direct handling of poisonous substances is also 
sometimes demanded, which presupposes (although it is not 
always the ease) that this is unnecessary or ean be made un- 
neeessary by suitable mechanical appliances. We have to be 
eontented, therefore, for the most part, with removal of in¬ 
jurious dust and fumes as quiekly as possible at the point 
where they are produeed, and regulations for the proteetion 
of workers from industrial poisoning deal mainly with the 
question of the prevention of air contamination aLd removal of 
contaminated air. Substitution of non-injurious for injurious 
proeesses is only possible in so far as use of the harmless process 
gives technically as good results as the other. If such a sub¬ 
stitute can be found let it be striven for. Mention has already 
been made of international prohibition of certain substanees, 
and attention has been drawn to economical considerations 
affecting this point. 

Prohibition obviously may paralyse branches of industry 
and hit heavily both employers and employed. The skilled 
trained workers are just the ones to suffer, since they are no 
longer in a position to take up another equally remunerative 
trade. 

Judgment has to be exercised before enforcing new regu¬ 
lations in order that good and not harm may follow. If a 
satisfactory substitute bee discovered for methods of work 
injurious to health, then ways and means will be found to 
make^the alteration in the process economically possible. It 
may, however, demand saerifice on the part of employers and 
employed, but the progress is worth tha sacrifice. 
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The following are instances of substitution of safe processes 
for those involving risk : generation of dust can sometimes be 
avoided by a ‘ wet ’ method (watering of* white lead chambers, 
grinding pulp lead with oil, damping of sAelting mixtures, &c.); 
the nitrate of silver and ammonia p.occss has replaced the tin 
and mercury amalgam used in silvering ol- mirrors ; electro¬ 
plating instead of water gilding (coating objects with mercury 
amalgam and subsequently volatilising the mercury); enamel- 
hnjj with leadless instead of lead enamels ; use of air instead 
of mercury pumps in producing the vacuum in incandescent 
electric lamps. 

iJealingffurther with the sanitation of the factory and work¬ 
shop after personal cleanliness,the next most important measure 
is cleanliness of the workroom and purity of the air. Workrooms 
should be light and lofty; and have floors constructed of smooth 
impervious material easily kept clean. The walls should be 
lime-washed or painted with a white oil paint, ^gles and 
corners which can harbour dirt should be rounded. Cleansing 
requires to be done as carefully and as often as possible, pre¬ 
ferably by washing dovn or b} a vacuum cleaner. Saturation 
of the floor A'ith dust oil is recommended by some authorities 
in trades where poisonous dust is developed and is permitted 
as an alternative to the methods described. I refrain from 
expressing an opinion on this method of laying dust, since by 
adoption of the practice insistence on the need for removal of 
the poisonous material from the workrooms loses its force—a 
thing, in my opinion, to be deprecated. 

The necessity of keeping the atmosphere of workrooms 
pure and fresh makes it essential that there should be sufficient 
cubic space per person and that proper circulation of the air 
should be maintained. The minimum amount of cubic space 
legally flxed in many countries—10-15 cubic metres—is a 
minimum and should be greatly exceeded where possible. 
Natural ventilation which is dependent upon windows, 
porosity of building materials, cracks in the floors, &c., 
fails whei^ as is desirable for pifrposes of cleanliness, walls 
and floors are made of smooth imiVrm^ble m(j,terial, and 
natural ventilation will rarely supply the requisite cubic feet 
of fresh air quickly enough. Ordinarily, under conditions 
of natural venti^ition,’ the air in a workroom is renewed in 
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from one to two hours. Artificial ventilation therefore becomes 
imperative. Natural ventilation by opening windows and doors 
can only be practisea in intervals of work and as a rule only 
in small workrooms. During work time the draught and 
reduction of tcmpcrature»-so caused produce discomfort. 

Artificial ventilation is effected 
by special openings and ducts 
placed at some suitable spot in the 
room to be ventilated and arranged 
so that either fresh air is intro¬ 
duced or air extracted from the 
room. The first methed is qhlled 
propulsion,the latter exhaust venti¬ 
lation. Various agencies will pro¬ 
duce a draught in the ventilating 
ducts, namely, difference of tem¬ 
perature between the outside and 
inside air, which can be artificially 
strengthened (a) by utilising the 
action of the wind, {&) by heating 
the air in the exhaust* duct, (c) by 
lieating apparatus, and (d) by 
mechanical power (use of fans). 

Where advantage is taken of 
the action of the wind the exit 
to the ventilating duct must be 
fitted with a cowl. 

The draught in pipes is ma¬ 
terially increased if they are led 
into furnace flues or chimneys ; in 
certain cases there is advantage 
Fio. 45.—Stoam Injector {afh.r in constructing perpendicular 

Korhmj). «howmg steam in- ventilating shafts in the building 

]octf>r and air ontry ^ i i 

extending above the roof and fitted 
with cowls. Combination of heating and ventilation is very 
effective. 

In ivorkrooms, Jiowb’t'er, where there is danger of poisoning 
by^aathe most effective method of ventilatiojf is by means of 


m 


fans driven by mechanical power. All the means for securing 
artificial ventilation hitherto mentioned depend on a number of 
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factors (wind, difference of temperature, &c.), the influence of 
which is not always in the direction desired. Exact regulation, 
however, is possible by fans, and the quantity of air intro¬ 
duced or extracted can be accurately calculated beforehand 
in planning the ventilation. In dlawing up such a plan, 
detailing the arrangement, proportions of th^ main and branch 
ducts, expenditure of power, &c., a ventilating Engineer should 
be eonsulted, as it is his business to deal with complicated 
proilcms of ventilation depending 
entirely for success on the design 
of the ventilation. 

Injectors are usually only em¬ 
ployed for .special technical or 
economical reasons. A jot of 
steam or compre.ssed air which 
acts on tlie injector creates a 
partial vacuum and ,so produce.s 
a powerful exhaust behind. Fig. 

45 shows the mechanism of 
an injector. ^'J’hey arc used for 
exhausting acid fumes which 
would coiyode metal fans and 
pipes, and for explosive dust 
mixtures where fans are in¬ 
admissible. 

In the industries described in thi.s book fans arc most 
commonly used. These are, in the main, wheels with two 
or more wing-shaped flattened blades. Some are encased, 
others are open and fitted by means of annular frames in the 
ducts according; to the intended effect and kind of fan. Fans are 
of two kinds, propeller and centrifugal, and, according to the 
pressure they exert, of low, medium, or high pressure. They 
are now often driven electrically, in which case there is advan¬ 
tage in coupling chem directly with the motor. 

Propellw Jans have cure ed screw-shaped blades and are 
set at right angles in the duct upon’th^.column of air in w-hich 
they act by suction. The air is moved in ttie direction of the 
axis of the fan,'and generally it is possible, by reversing the 
action, to foice air in instead of extracting it. The draught 
produced is a 'ov-pressure one (generally less than 15 mm. of 



Fig. 4().—Propoller Fan coupled 
to Kleetromotor {Davidson d: 
Co., Ltd.) 
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water). The current of air set in motion travels at a relatively 
slow speed, yet sucn ^fans are capable, when suitably propor¬ 
tioned, of moving large volumes of air. Propeller fans are 
specially suitable for'the general ventilation of rooms when 
the necessary change of dir is not being effected by natural 
means. ' » 

CeMrifiujat or high-pressure favs (see figs. 48 a and 48 b) are 
always encased in such a way th<at the exhaust ducts enter 



Fill, 17.—Thu Blackman (Belt-driven) Fan. 


on one or both sides of the axis. The air thus drawn in is 
thrown by the quickly rotating numerous straight blades to 
the periphery and escapes at the outlet. The centrifugal fan 
travels at a great speed, and the air current has therefore great 
velocity and high pressure. When the pressure is less than 
120 mm. it is described as a medium, and when greater, a high- 
pressure fan. For the formfer a galvanised iron casing suffices 
for the latter the «asing requires to be of cast iron. Medium 
pr^sifre centrifugal fans are used to exhau^ dust or fumes 
locally from the point at which they are produced. They 
play a great part in industrial hygiene.” 
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High-pressure fans are used mainly for technical purposes, 
as, for example, the driving of air or As at high pressure. 
Localised ventilation is needed to lilndt diffusion of dust 



Kkj. 48a.— * iSiroceo ' Centrifugal i<"au 

r 

and fumc«, which is attained in a measure also by separation 
of those workroom,; in which persons come into contact 
with poisoifous materials from others. Separation of work- 



Ffif. 48 b.— Showing exhaust apoi^T^re and fan blades 

* ^ 

rooms, howev%r, is not enough, as it is the individual who 
manipulates the poison for whom protection is desired. To 
enclose or Looul over a dusty machine or fume-produoing 



/ 


Fiq. 49.—Localised Exhaust Ventilation in a Colour Factory {Sfutievant Engineering Co., Ltd.) 
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apparatus completely, or to close hermetically a whole series 
of operations by complicated technical. Jirrangements, is only 
possible when no opening or handf feeding is required. 
Dangerous substances can only be whcAly shut in by substitu¬ 
tion of machinery for handwork, f 

Where, however, absolute contact is unavoidable the dust 
or fume must be carried away at its source. .This is done by 
exhaust ventilation, locally applied, in the following manner : 
A, suitable hood or air guide of metal or wood is arranged 
over the point where the dust is produced, leaving as small an 



opening as possible for necessary manipulations. The hood 
is connected with a duct through which the current of air 
travels. An exhaust current dependent upon heat will only 
suffice in Ihe case of slight development of dust or fumes. 
As a rule exhaust by a fan is necessary. Where exhaust 
ventilation has Lo be arranged at several points all these are 
connected up by branch ducts with the main duct and centri¬ 
fugal fan. Where the ducts lie near the floor it is advisable 
to flx adju^iable openings m the*n close to the floor to remove 
the sweeping... 

It is impqftant for the exhaust system of ventilatif)n,to be 
designed in general so that the dust is drawn away from the 
face of fhe >vo^er downwards and backwards. Many horrible 
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arrangements are found in which the dust is first aspirated past 
the mouth and nose before it is drawn into a hood overhead. 
The proportions of the li'anch pipes to the main duct require to 



Ifiu. 51.—Ventilated Packing Machine {after Albrecht) 

A Worm ; B Collector; D Fan ; E Filter bag; J, F Movable shutterB; 
H Jolting arrangement 


be thought ou‘t, and friction and resistance to the^ow must be 
reduced as far as possible by avoidance of sharp bends. Branch 
pipes should enter the main duct at an angle of thirty 
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degrees. A completely satisfactory system requires very special 
knowledge and often much ingenuity* when the apparatus is 
complicated. 

Disintegrators and edge runners c4n generally be covered in 
and the cover connected with eu exhaust. Ball mills, when 
possible, arc best as the rotating iron cylinder containing the 
steel balls and the material to be pulverised is hermetically 
closed. 

Powdered material can be carried mechanically from one 
place to another by worms, screws, endless bands, or bo driven 
in closed pipes by means of compressed air. The inevitable 
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production of dust in packing can bo avoided by the use of 
ventilated packing machines, which are especially necessary 
in the-case of white lead, bichromates, basic slag, &c. 

The difficulty is great in preventing dust in sieving and 
mixing, since this is mainly done by hand. Still here, for 
example, by use of cases with arm-holes and upper glass cover, 
injury to health can be minimised. Benches with a wire screen 
and duct through which a downward exhaust passes are useful 
in sorting operations (fig. 62).» 

Pig. 63 illustrates a grinding o^*pol(phing wheel fitted wilh 
localised e:ihaust. 

To prevent escape of injurious gases all stills and furnaces, 
must bo kept as airtight as possible and preferably under a 
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slight negative pressure. Agitators must be enclosed and 
should be fitted with arrangements fo/ carrying on the work 
mechanically or by means of compreased air and, if necessary, 
exhaust ventilation applied to them.^ The aim should be to 
enclose entirely drying and extracting apparatus. 

.An important question remains as to w^at shall be done with 
the dust and fumes extracted. In many cases they cannot 



be allowed to escape into the atmosphere outside, and in the 
interests of economy recovery and utilisation of the waste 
is the thing to aim at. This vital subject can only receive 
barest mention here. The dust or fumes extracted require 
to bo suHJected to processes (jf purification with a view to 
recovery of the often valuable sc4id or gaseous constituents’ 
and dcstruc^on of those without value. * , 

Collection of dust may take place in settling chambers as . 
in a cyclone separator in which the air to bo purified is made 
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to travel round the interior of a cone-shaped metal receptacle, 
depositing the dust in its passage (see.fig. 64). 

The most effective method, howler, is filtration of the 
air through bags of canvas or other Suitable fabric as in the 
‘Beth’ filter (see figs. 55 and 46). In the ‘Beth’ filter a 
mechanical knocking apparatus shakes, the dust from the 
bag to the bottom of the casing, where a worm automatically 
carries it to the collecting receptacle. In the absence of 



Fig. 57.—Airan^'omcnt for Picdpitating Dust (after Lcymann) 

A Ihntry of dust ladon air; B Fan; C Purified air; D Pipe carrying 
away water and last tructJs of dust; E Worm carrying away collection of dust. 


mechanical knocking the filtering material becomes clogged 
and increases the resistance in the system. Contrivances of 
the kind unintclligently constructejl become a source of 
danger to the workers. Dust of no value is usually precipi¬ 
tated by being made to pass through a tower down which 
a fine spray of water falls. If the gases and fumes can be 
utilised they are either absorbed or condensed—a procedure 
of the utmost importance for the protection of the workers. 

Condensation of the gases inXd a .liquid js effected by 
cooling and, is an essential part of all processes a 889 ciated 
with distillation. The necessary cooling is effected either ■ 
by causing ^he vapours to circulate through coils of pipes 
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surrounded by cold water or by an increase in the condensing 
surface (extension of <walls, &c.), and artificial cooling of the 
walls by running wate% 

Absorption of gasestand fumes by fluids (less often by 
solid substances) is effected by bubbling the gas through 
vessels filled with the,,absorbing liquid or conducting it through 
towers (packed with coke, flints, &c.), or chambers down or 
through which the absorbent flows. Such absorption towers 
and chambers are frequently placed in series. 

The material thus recovered by condensation and absorp¬ 
tion may prove to be a valuable bye-product. Frequently the 
gases (as in blast furnace gas, coke ovens, fee.) are led aw(iy 
directly for heating boilers, or, as in the spelter manufacture, 
to make sulphuric acid. 


V 

PREVENTIVE REGULATIONS FOR CHEMICAL 
INDUSTRIES 

Sulphuric Acid Industry 

(See also pp. 4-14 and 171) 

Danger arises from escape of acid gases or in entering 
chambers, towers, containers, &c., for cleaning purposes. 
The whole chamber system, therefore, requires to be imper¬ 
vious and the sulphur dioxide and nitrous gases utilised to 
their fullest extent—a procedure that is in harmony with 
economy in production. The pyrites furnace must be so 
fired as to prevent escape of fumes, which is best attained by 
maintenance of a slight negative pressure by means of fans. 
The cinders raked out of the furnace because of the consider¬ 
able amount of sulphur dioxide given off from them should 
be kept in a covered-in place until they have cooled. Any 
work on the towers and lead chambers, especiall5^ cleaning 
operations, should be carried out under strict regulation^. Such 
special uasasures for the emptying of Gay-Lussac^ towers have 
been drawn up by the Union of Chemical Industry. Before 
removal of the sediment on the floor they require a thorough 



HYDROCHLORIC ACID POISONING 


257 


drenching with water, to be repeated if gases are present. 
Perfect working of the Gay-Lussac to\^r at the end of the 
series of chambers is essential to prevent escape of acid gases. 
In a well-regulated sulphuric acid factory the average total 
acid content of the final gases canobo reduced to O'l vol. per 
cent. Under the Alkali Works Regulation Act of 1881 the 
quantity was limited to O'20 per cent, of sulphur dioxide— 
and this should be a maximum limit. 

^Entering and cleaning out chamhers and towers should only 
be done, if practicable, by workmen equipped with breathing 
apparatus, and never without special precautionary measures, 
as '^everai fatalities have occurred at the work. Towers, 
therefore, are best arranged so as to allow of cleaning from the 
outside ; if gases arc noticed smoke helmets should be donned. 
The same holds good for entering tanks or tank waggons. 
After several cases of poisoning from this source had occurred 
in a factory the following official regulations were issued; 

'ilio deposit on the floor of waggons or tanks shall be 
l■(>lnoved either by flushing with water without entering the 
tank it^'lf, or if the tank be entered the deposit is to be 
scooped out witliout addition of water or dilute soda solution. 

]<\!JBhing out sliall only be done after the workmen have 
gi,t out. 

Workmen are to be warned every time cleaning is under¬ 
taken tliat poisonous gases are developed wdicn the deposit 
on the floor is diluted. 

Acid egg.s, fuj'ther, are to be provided with a waste pipe 
and manhole to enable cleaning to be done from outside. 

The poisoning likely to arise is partly due to arsenic impurity 
(development of arseniuretted hydrogen gas) in the sulphuric 
acid used. Unfortunately arsenic free acid is very difficult to 
obtain. 


Hydrochloric Acid-Saltcake and Soda Industries 

(See also pp. 15*23 and 170) 

Preventive measures here depend \!pon observance of 
the general pflnciples already discussed. 

The saheake pan and reverberatory furnace require to be 
accurately and^solidl^ constructed and the process carefully 
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regulated. Eegulations indeed werfe drawn up at an early 
date in England as^to their working to prevent escape-of 
gases when adding th^ acid, raking over in the reverberatory 
furnace, and withdraw'*,! of the still fuming salteake. 

The following are the most important of these recommenda¬ 
tions : 


The .salteake pan must not be charged when overheated. 
Sulphuric acid shall be added only after all the ,salt has 
been charged and the door shut. 

If hydrochloric acid fumes escape at the door when the 
Glover acid flows in the flow must be interrupted. 

All doors must be closed while work is in progiV',ss. 7 
Definite, times shall be fixed for withdrawal of the salteake 
in order to try and ensure that it be not still fuming, but 
should thi.s be the case cold sulphate of soda shall be 
sprinkled over it. 

The general principle .should be observed of maintaining 
u slight negative pre.ssure in the furnace by insertion of a fan 
in the gas conduit so as to avoid possible e.scape of gas. The 
fuming salteake is best dealt with by depositing it at once to 
cool in ventilated receptacles or chamber.s. 

On grounds of economy and hygiene as comulcte an 
absorption as possible of the hydrochloric acid gas developed 
in the salteake and soda ash process is to be aimed at, 
by conveying it through impervious conduits to the 
bombonnes and lofty absorption tower filled with coke or 
flints down which water trickles. The entire loss of hydro¬ 
chloric acid should not amount to more than 1'5 per cent, of 
the whole. Under the Alkali Act at first 5 per cent, was 
allowed, but this is excessive now in view of improved methods 
of condensation. 

In the Lehlanc process the revolving furnace is on health 
grounds to be preferred to the hand furnace. Such a furnace 
occupies the space of but three hand furnaces and can 
replace eighteen of them. The vj,st accumulation of waste, 
.consisting mainly of calciufn sulphide, and generating sul¬ 
phuretted hydrogen, gas in such amount as to constitute a 
nuisanefe, is only partially prevented by the Chance-Claus 
and other methods of recovery, and makes it most desirable 
to adopt the Solvay ammonia process. ‘ 
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^ote. — Sulphonal, Ox^ic acid, Ultramarine, Alum .—The 
production of sulphonal is intensely un^asant owing to the 
disagreeable smell (like cats’ excrement) of the mercaptan 
developed. All work therefore must be'carried on in air-tight 
apparatus under negative pre.ssure and careful cooling. Any 
escaping fumes must be absorbed in solution of acetone and 
fine water spray. 

Preparation of oxalic acid unless carried on in closed-in 
vessels gives rise to injurious and troublesome fumes. If 
opefi pans are used, hoods and ducts in connection with a fan 
should be placed over them. 

(grinding of ultramarine and alum requires to be done in 
closed-in mills, and any dust drawn away by locally applied 
ventilation and filtered. The gases given off in the burning 
process contain 3 per cent, of sulphur dioxide, which requires 
to be absorbed—a procedure most easily effected in towers 
where the upstreaming gas comes into contact with a dilute 
solution of lime or soda. 


Chlgrine, Bleaching Powder, Chlorine Compounds 

(See also pp. 23-0 and 173) 

• 

What has been said as to imperviousness of apparatus, 
negative pressure maintained by the tall chimney stack or 
earthenware or fireclay fan, &c., applies equally here. The 
exhaust ventilation is also required to aspirate the gas into 
the bleaching chambers. 

At the end of the system there must be either a tower 
packed with quicklime to absorb the last traces of chlorine or 
such a number of bleach chambers into which the gas can 
be led that no chlorine escapes. Produstion of chlorine gas 
electrolytically is to he preferred to other processes on hygienic 
grounds. 

Careful cleanliness is the best prophylactic against occur¬ 
rence of chlorine rash among! persons employed in the electro¬ 
lytic production of chlorine. In son^p, factories attempt has 
been made to use other substances (magnetite)* instead of 
carbon for the #node, and the success attending their adopfion 
is further proof that the tar cement at the anode helped to 
cause the acne. 
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In the Weldon process care must be taken that the water 
lutes are intact, anrl the stills must not be opened before 
the chlorine has been drawn off. All processes in which 
manganese dust can arise (grinding of manganese dioxide 
and drying of Weldon deposit) should be done under locally 
applied exhaust. The bleaching 'ponder chambers must be 
impervious and care taken that they arc not entered before 
the chlorine has been absorbed. Usually the number of lime 
chambers connected up with each other is such that no chlorine 
escapes free into the air. Emptying of the finished product 
should not be done by hand, as considerable quantities of 
chlorine escape and make the work extremely irksome. 
Mechanical methods of emptying should be adopted in sub¬ 
stitution for hand labour, and of these the Hasenelever closed-in 
apparatus is the best. 


Nitric Acid and Explosives 

(See also pp. 3!)-4!) and 172) 

In the production of nitric acid complete imperviousness of 
the system and as complete condensation of the gases as 
possible by means of tourilles, cooling condensers, and the 
requisite number of towers are necessary. The method 
suggested by Valentine of manufacture of nitric acid in 
apparatus under a partial vacuum has advantages from a 
hygienic standpoint. Earthenware fans are used to force 
the nitric acid gases onwards and have the advantage of 
creating a negative pressure. Great care is needed in 
handling, emptying, packing, conveying, and storing the 
aeid in consequence vjf the danger from breaking or spilling. 
The bottles used must be in perfect condition and must be well 
packed. No greater stock of nitric acid should be allowed 
in a room than is absolutely necessary, and eare must be 
exercised in the event of a earboy breaking that^the spilt aeid 
does not eome into oqqtaci with organic substanoes, as that 
woul4 inerbase de^felopment of nitrous fumes. 

*Worker6 must be warned not to remain in^ rooms in which 
acid has been spilt. They are only to be entered by workers 
equipped with breathing apparatus (smoke helmets). 
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Among the special regulations on the subject may be 
mentioned those of the Prussian Minijfterial Decree, dated 
January 8, 1900, concerning nitrous ^umes and means of 
protection for workers employed with the acid. What has 
been said on p. 257 in regard to tfle transport of sulphuric 
acid hpplies equally to nitric acid. 

In the nitrating process in the manufacture of explosives 
(see p. 47) it is es.sential that the apparatus is hermetically 
closed, that agitation is done mechanically, or better still 
by means of compressed air, and that any fumes developed 
are .exhausted and condensed. In the preparation of nitro- 
glycfnn (sfe p. 4G) the gases developed in the nitration of 
the waste acid require tu be carefully condensed. Contact 
of nitro-glycerin with the skin has to be avoided and the 
attention of the workers di'awn to the danger. Preparation 
of gun cotton (see p. 48) takes place in machines which are 
at the same time nitrating and oentrifugalising machines. 
The apparatus is first filled with the nitrating acid and the* 
cotton added; the fumes are drawn off by earthenware 
ducts and fjns, and lastly the bulk of the acid is removed by 
centrifugal action. Such machines carry out effectu,»lly the 
principle.^ of industrial hygiene. 

In ohe preparation of fulmiiiaie of mercury nitrous fumes, 
cyanogen compounds, and acetic acid compounds are developed 
by the action of the nitric acid on mercury, and require to 
be dealt with by exliaust ventilation.* 


Artificial Manures, Fertilizers 

(See also pp. 53 and 54) 

• 

In grinding phosphorite and superphosphates, corrosive 
dust is produced. All grinding operations must, therefore, be 
carried out automatically in closed apparatus (ball mills, 
disintegratorg, &c.). In meking the phosphorite soluble by 
treatment,with sulphurie acid, aifd subsequent drying of the 
product, corrosive hydrofluoric acid gas ie developed, which 
requires to be tarried away by an acid proof exhaust fa'll, «ind 

* A Prussian Minjftcml Decree, dated .March 31, 1892, deals mth the prepara¬ 
tion of nitrate of mercury. 
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condensed in a tower by water (see fig. 58). The modem 
revolving drying mafcines are especially serviceable. 

In the production (of basic slag corrosive dust is given oS, 
causing ulceration of the mucous membrane. Grinding and 
other manipulations creating du.st must be carried on in 
apparatus under local exhaust ventilation. The following— 


.w 



Fia. 58.—tower for hydrofluoric acid (after Lcymanri.) 


somewhat shortened—are the German Imperial Regulations, 
dated July 3, 1909, for basic slag factories. 


Basic Soa/i Regulations 

1. Workrooms* in v5iich basic slag is crushed, ground, or 
storM (if not in closed sacks) shall be roomy r.nd so arranged 
as to ensure adequate change of air. Floors shall be of imper¬ 
vious material allowing of easy removal "of du8(^ 

ft. Preliminary breaking of the slai; by hand shall not, be 
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done in the grinding rooms, but either in the open air or in open 
sheds. y 

3. Slag crushers, grinding mills, and other apparatus shall 
be so arranged as to prevent escape iff dust as far as possible 
into the workrooms. They shall be provided with exhaust 
ventilation and means for collecting the dust if this cannot be 
done in the absence of dust. 

4. Arrangements shall be made whereby Mhrrows conveying 
material to the gritjding mills shall be emptied directly into 

• pai'tially hooded hoppcr.s provided with exhaust ventilation so as 
to pi'cvent escape of dust into the workrooms. 

5. Tile casing and joints of the grinding mills, duets, dust 
.collectors and sieves shall be airtight; if leaks are, noticed they 

nnist be repaired fortliwith. 

(). Duets, dust collectors and sieves shall he so arranged as 
to enable jieriodical cleansing to be undertaken from the outside. 

7. Rcjiairs of the plant mentioned in Para, bin which workers 
iire exposed to inhalation of slag dust shall be entrusted by the 
occupier only to such workers as wear respiratfjrs supplied for 
the ])urpose or otlier means of protecting mouth and nostrtls 
such as wet sponges, handkerchiefs, &c. 

8. Jlinptying of slag ]iowder from the grinding mills and 
dust '•ollectors and transference, to the store rooms shall only 
be. done, in accordance with special regulations designed to 
i..inimise dust. 

9. Jihlling slag powder into sacks from the outlets of the 
mills, elevating and discharging it into receptacles shall only 
be done under efficient exhaust ventilation. 

10. Sacks in which the ])owder is transported and piled in 
heaps shall bo of a certain defined strength to be increased in 
the case of sacks to be piled in heaps more than 3| metres in 
height. Special rooms separated from other workrooms shall be 
jirovided for storage, of slag powder in sacks. Only the sacks 
representing the previous day’s prodvjction may be stored in the 
grinding rooms. 

Basic slag in powder and not in sacks shall be kept in 
. special stoiage rooms shut off entirely from other workrooms. 
No person shall enter such storage rooms when they are 
being filled or emptied. Disijiarging the contents of the sacks 
into them shall be done under exfcaust ventilation. 

11. The floors of the w'orkrooms* deserilft^d i^j Para. 1 
shall he cleaned before the commencement of each Shift or 
in an interval during each shift. No person except those 
engaged iif clcanijig shall be present during the operation. If 
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cleaning is effected by sweeping, tli4 occupier shall require the 
persons doing it ti^ wear the respirators provided or other 
protection for the mouth and nose. 

12. The occupier!'shall not permit the workers to bring 
spirits into the factory. 

1.3. A lavatory and cloakroom and, separated from them 
and in a part of the building free from dust, a meal room shall 
be provided. ' These rooms shall be kept clean, free from dust, 
and be heated during the winter. 

In the lavatory and cloakroom w.ater, soap, and towels slyill 
be provided and adequate arrangcunenta .shall be made, for keep¬ 
ing the clothing t.aken off before commencing work. 

The occupier shall give the persons employed opportuqity 
to take a warm bath daily before leaving work in a bathroom 
erected inside the factory and heated during the winter. 

14. No woman or male young person under eighteen years 
of age shall work or remain in a room into which basic .slag is 
brought. 

Person^ under eighteen year.s of age shall not be employed in 
beating sacks which have eontained basic slag. 

1.5. No person employed in breaking or grinding, etnptying, 
packing, or storing basic slag, shall work more than ten hours 
daily. 

There, shah be intervals during working hours amounting 
in the aggregate to two hours, one of them lasting at least an 
hour. If duration of employment daily is limited to seven 
hours with never longer than four hours’ work without an 
interval, only one, interval of at least one hour is re,(]uired. 

16. For w'ork mentioned in Para. 15 no person shall 

be employed without a certificate from an approved surgeon 
stating that he is free of disease of the lungs and not alcoholic. 
The occupier shall place the, supervision of the health of the 
workers under a surgeon who shall examine them at least once 
a month for signs of disease of the respiratory organs and 
alcoholism. Workers engaged in the, operations mentioned in 
Para. 15 shall be suspended from employment when the 
surgeon suspects such illness or alcoholism. Those showing 
marked susceptibility to the effect of basic slag dust shall be 
permanently suspended. ^ * 

17. A health Registtc^shall be kept in which shall be entered 
the precise‘employment, duration of work, and state of health 
of the persons employed. 

18. The occupier shall obtain a guarantee from the workers ' 
that no alcohol or food shall be taken into the workrooms. 



CHROME POISOIGNG 


26S 


Preparation o! Hydrofluoric Acid 

(See also pp. 37 and^l71) 

The fumes given off in the preparation of liydrofluoric acid 
require to be collected in 'eaden coolers and vessels; that 
which escapes requires to be absorbed by a water spray in 
towers. The apparatus must be impervious and kept under a 
slight negative pressure. 

Chromium Compounds 

(See also pp. 5.7-8 and 185) 

The German Imperial Decree, d ded May Ki, 1907, contains 
the ])roventive mea.sures necessary in I'ichroniato factories. 
According to this, workers suffering from ulceration of the 
skin (chrome holes, eczema) are not to be employed except 
on a medical certificate that they are free from such affections, 
and daily examination for signs of ulceration is enjoined, s6 
that those affected may receive prompt treatment. Further, 
periodical oiedical examination of the workers is required at 
monthly intervals. Respirators (for work in which dust cannot 
be avoicicd), with lavatory, cloakroom, and meal room accom¬ 
modation, are to be provided, and also baths. In handling 
bichromates wearing of impervious gloves may be necessary, 
and smearing the hands and face with vaseline is recommended. 
In addition diffusion of dust and fumes must be minimised; 
machines in which mixing, crushing, and grinding are done 
must be impervious, and provided with exhaust ventilation. 
Charging of the furnaces, where possible, should bo effected 
mechanically and the fumes developed both in manipulation 
of the furnaces and from hot bichromate liquor removed by 
an exhaust. 

A leaflet containing directions for workers coming into 
contact with chromium compounds in chemical factories, 
dyeing, tamiing, wood staining^ calico printing, vi all paper 
printing, pa i».ting, &c., has been .flfawn up by Lewin. Its 
contains a list of the poisonous chrome eSmpounds ar\{l of the 
industries in which chrome poisoning occurs, information’as to 
the action of chrome upon the skin and mucous membrane, and 
the preventiveTneasui;ps necessary. Among the last named are : 
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mearing the skin with oil, use of impervious gloves, respirators 
n work where dust arives, necessity of cleanliness, and periodical 
nedical examination. / 

For the chrom,e tanning industry the following leaflet was 
Irawn up by the Imperil.! Health Office in Berlin, which ■ 
.uccinctly states t|ie measures against chrome poisoning in 
hese industries and contains much practical information 
or the workers ; 

r 

In chrome tanning by the two batli process, the first bath 
containing iwtassium biclirornatc and liydrocHoric acid has a 
corroding effect upon broken surfaces of the skin ulscratiibcs, 
chapped hands, eruptions, &c.). In eoiiseiiuence, they develop 
into round ulcers (chrome holes) with hard raised edges which 
are difficult to heal and go on increasing in size unless work at 
the process is temporarily given up. In jiersons with very 
sensitive skin, even thougli the surface may be intact, handling 
the liquor, brings on sometimes an obstinate rash (ec^zema) on 
the hands and forearms. 

The solution used in the one. bath process has no corrosive 
action, but it is a strong poison, just as is the solution of 
potassium bichromate of the two bath process. If swallowed, 
the solutions cause vomiting, diarrluca, kidtuy trouble, and 
even death. Chromium compounds can also enter the body 
through skin wounds and cause illness. 

Prevention .—In order to prevent the occurrence of chrome 
ulceration, workers employed with chrome or chrome solutions 
must be especially careful in avoiding injury to the skin of the 
hands or forearms. This applies especially to workers who 
carry the vessels containing bichromate, who weigh and dissolve 
the potassium bichromate, or who come into contact with the 
tanning liquor or with undressed skins and hides which have 
lain in the liquor. . 

If, in spite of precautions, eruptions, rashes, or ulceration 
occur, all work necessitating contact with corrosive tanning 
liquors should be suspended until they are healed. 

In order to reduce risk of action of the liquot on the skin, 
workers employed in the process described would do well if,- 
before commencing wVifk, they carefully smeared Kands and 
foreMTOs with unsalted lard, vaseline, or the like, and during 
work avoided, as much as possible, soiling the bare^handa and 
arras with the liquor. _ ' ' 

If, nevertheless, a worker has contracted chrome hole, or 
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eruption, he should consult a medical man, informing him at 
the same time of the nature of his workl 

To avoid internal absorption of chrome, workers preparing 
the baths must carefully avoid inhaling the dust of chromium 
salts. These and all other workers engaged with the liquors con¬ 
taining chromium must not take food and drink while at work. 
Working suits should be taken off and face and hands washed 
with soap before eating or drinking, and before leaving the 
factory. 

Petroleum, Benzine 

(See also pp. r)!)-04 and 222-4) 

As crude jietroleum and the higher fraction.s first distilled 
from it affect the skin injuriously, wetting the, skin should be 
avoided, and careful cleanliness on the part of the workers 
enjoined. Workers exposed to the influence of gases escaping 
from naphtha springs and wells' should be equipped with 
breathing apparatus (smoke helmets) ; this applies to those 
who have to enter stills and other apparatus connected with 
the distillation of petroleum. 

In the preparation of petroleum by sulphuric acid 
sulphur dioxide in great quantity is developed, constituting 
a distinct danger to the workers. This process, therefore, 
should be carried on in closed vessels furnished with mechanical 
stirrers or compressed air agitators. The most suitable 
apparatus is that illustrated in fig. 13. 

P( troloum tanks must be thoroughly aired before they are 
cleaned and should be entered only by workers equipped with 
breathing apparatus. Apparatus containing petroleum and 
benzine requires, as far as possible, to be closed in and air tight 
(as, for example, in the extraction of fat from bones and oil 
seed, in the rubber industry, and in chemical cleaning establish¬ 
ments) ; where benzine fumes develop they should be imme¬ 
diately drawn away by suitably applied exhaust ventilation. 
This is necessary, on account of the danger of fire, in chemical 
cleaning estabhshments wfiere purification is effected by means 
of benzine in closed drums. * 

Regulations for benzine extraction plants are contamea m 
th? Prussian Ministerial Decree, dated January 5, 1909, for 
benzine ext'•action works, and also in that of August 3, 1903, 
for dry-cleaning preiflises, to which last were added ‘ Directions 
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for safety,’ containing important regulations as to risk from 
fire. From our standpisint the following points are of interest: 
care is to be taken to provide and maintain exhaust ventilation 
directly across the floor. The air, however, must not be 
allowed to pas.s near any Art. Drying rooms especially are to 
be lofty and airy, apd separated from other workrooms. In 
factories with mechanical power the authorities may require 
provision of artificial ventilation for the drying rooms. Wash¬ 
ing machines, ccntrifugalising machines, and benzine rinsing 
vessels should be furnished witli well-fitting covers to be 
removed only for such time as is absolutely necessary for 
putting in and taking out the articli^.s to be cleaned, shaken, vt 
rinsed. The vessels named are to be examined as to their 
imperviousness at least once every quarter by a properly 
qualified person, f’he coTidition in which they are found is 
to be noted in a book to be shown to the Factory Inspector 
and police authorities on demand. 

I Lastly, suV)stitution for benzine of other less poisonous 
substances such as carbon tetrachloride has been urged. 

Phosphorus, Lucifer Matches 

(See also pp. 49-53 and 190) 

In view of the danger of the lucifer match industry, 
measures were taken at an early date in almost all civilised 
states to guard against phosphorus poisoning, and in many 
countries have led to the prohibition of the use of white 
phosphorus. Complete prohibition of its manufacture and use 
was first enacted in Finland (1872) and in Denmark (1874). 
Prohibition was decreed in Switzerland in 1879 (in January 
1882 this was revoked, but again enacted in 1893), and in the 
Netherlands in 1901. In Germany the law prohibiting the use 
of white phosphorus came into force in January 1908, and 
runs as follows : 

1. White or yellow jSiospherus shall not be employed in the 
production of matches and other lighting substances. Lighting 
substaiices lAade witli white phosphorus shall not be kept for 
sale,‘ or sold, or otherwise brought on the market. Provided 
that this shall not apply to ignition strips which serve for the 
lighting of safety lamps. 
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2. Persons wilfully infringing this law shall be punished by 
■ a fine of 2000 marks. If the infri^ement occurs through 
ignorance the fine shall consist of 150 marks. 

In addition to the fine, aU prohibited articles produced, 
imported, or brought into the trade shall be confiscated, as well 
as the implements used in their production, without reference 
to whether they belong to the person convicted or not. If 
prosecution or conviction of the guilty party cannot be brought 
home, confiscation nevertheless is to be carried out inde- 
^ pcndently. 

Roumania and Prance have a state monopoly of matches ; 
in. these ^states no white phosphorus matches have been pro- 
diced since 1900 and 1898 respectively. France, by the Law 
of December 17, 1908, signified concurrence with the Inter¬ 
national Convention in regard to the prohibition of the use of 
white phosphorus. 

In Sweden and Norway the prohibition of white phosphorus 
is in force only for the home trade. A Swedish,Decree, dated 
December 9, 1896, permitted factories carrying on the marili- 
facture for export to use white phosphorus, and almost precisely 
similar jwovisions are contained in the Norwegian Decree. 
The Swedish Decree, dated March 30, 1900, pernnts white 
phosnhorus matches to bo exported, but not to be sold in the 
oountry. In Austria difficulties in regard to prohibition of 
white phosphorus arose owing to trade conditions (especially in 
the East), and the attitude of the states competing in the lucifer 
match trade, particularly Italy and Japan. Austria, therefore, 
made agreement with international prohibition of white phos¬ 
phorus, dependent on the attitude of Japan; since Japan did 
not concur, the decision of Austria fell through. When, how¬ 
ever, Italy jn the year 1906 joined the Convention, the diffi¬ 
culties were also overcome in Austria^ and by a law similar to 
that of Germany, dated July 13, 1909, prohibition of the 
manufacture and sale of white phosphords matches dates 
from the year 1912.* 

Belgium has refrained from prohibition of white phosphorus, 
but on 'Jhe other hand has passed a furies of enactments relatinf 

to the match manufacture, of which ttie most essential are 
• • , 

• In Gn at Britain and Ireland the White Phosphorus Matohos Prohibition 
Aot beoamo operative from January 1, 1910. In the United States of America 
a Prohibition ao'J became operative on July 1, 1913. 
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here cited, since they characterise tte measures which come 
into consideration for factories in which white phosphorus is 
still employed. 

Royal Decree, daied March 25, 1890, modified by the Royal 

Decree, dated February 12, 1895, arid November 17, 1902, 

concerning employment in lacifer match factories. 

1. In match factories whore white, phosphorus is used, 

mixing the paste and drying the dipped matches shall be carried 
on in a place specially set apart for the purpose. ® 

2. Mixing the paste shall be carried on in an entirely closed 

vessel or in one connected with an efficient exhaust draught 
locally applied. ' “ 

The proportion of white phosphorus in the paste shall not 
exceed in weight 8 j)er cent, of the total material, not including 
water. 

3. Hood.s and ducts communicating with an exhaust 
draught shall be installed at the level of the plates for dipping 

, white phosphorus matches, and over the vcs.sels containing 
the paste. 

4. Drying rooms for wliite phosphorus matches, if entered 
by the w'orkers, shall be mechanically ventilated. 

5. Rooms in which phosphorus fumes can arise shall be 
lofty and well ventilated, preferably by an exhaust at the 
level of the work benches, communicating with the main 
chimney stack. 

The workrooms shall be kept clean. No food or drink 
shall be taken in them. 

6. In every match factory the workers shall liave at their 
disposal a special cloak room and suitable and sufficient washing 
accommodation, so as to be able to change clothes before 
commencing, and at the end of, work, and to wash the hands 
and faee on leaving. 

Cleanliness will be obligatory upon the workers manipulating 
phosphorus paste or matches. 

7. Workers coming into contact with phosphorus paste or 
matches shall be examined monthly by a surgeon appointed 
by the Minister of Industry, who shall be paid by the.occupier. 

Workers having deoaved, unstopped teeth, or exliibiting 
symptoms of,gingiviti8 or stomatitis, or in poor health at the 
timeiof'examination, shall be temporarily suspended from work. 

The surgeon shall enter the results of his monthly examina¬ 
tions in a prescribed register. 
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This register shall t) shown to the Factory Inspector on 

demand. 

These decrees are supplemented further orders regarding 
the taking of samples of paste in match factories and store 
houses (Royal Orders of March 2d, 1890 ; February 12, 1895 ; 
April 18, 1898 ; November 17, 1902). 

As is evident from the Belgian enactident, jn states where 
prohibition of white phosphorus is not in force, palliative 
measures only are possible and even then they can only be 
enforced in large factories when automatic machinery is used 
to eliminate hand labour in dangerous operations. In this 
respect tke introduction of closed, ventilated, mechanical 
mixing apparatu.s provided with mechanical stirrers, closed 
and ventilated mechanical dipping and drying apparatus, are 
especially important. Certain modern American machines 
carry through the whole complicated process of the phosphorous 
match industry automatically. 8coing that prohibition of 
white phosphorus is an accomplished fact and Kiat matches 
free from risk in their manufiicturo answer every purpose, 
the universal enforcement of the prohibition of white 
phosphoru.s^ should be striven for in civilised states. 

Carbon bisulphide 

(See also pp. G8-71 and 193-5) 

Use of carbon bisulphide in the vulcanising of indiarubber 
goods by dipping them into the liquid and subsequently 
drying them (usually in a current of hot air) causes 
development of carbon bi,sulphidc fumes in considerable 
quantity,' esi'ocially if the articles to be dried are laid on 
shelves or hung up in the workroom, a procedure which should 
never be permitted. Drying must be carried out under local 
exhaust ventilation. 

All vessels holding carbon bisulphide used for dipping can 
be placed iij a wooden chaijnel above the dipping vessels, pro¬ 
vided with openings for manipulation, and connected with an i 
exhaust system. 

The following are the German Imperial Regulations, dated 
March ), 1902 for vulcanising of indiarubber by means of 
carbon bisulphide: ‘ 
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Vulcanising by Means of^Caebon Bisulphide 

(Notice concerning the erection and management of industrial 
premises in which indiarubber goods are vulcanised by means 
of cai’bon bisulphide or chloride of sulphur.) 

The following regulafions shall apply in aeeordanoe with 
paragraph 120 (e) of the Industrial Code : 

1. The floor vd such rooms as are used for the vulcanising 
of indiarubber goods by means of carbon l)isulphidc shall not 
be lower than the surrounding ground. The rooms shall have 
windows opening into the outer air, and the lower halves shall be 
capable of being opened so as to render possible sufficient renewal 
of air. 

The rooms shall be ventilated by fans mechanically driven. 
With the approval of the higher authorities permission to 
dispense with mechanical draught may be aUmved, provided 
that in other ways powerful change of air is secured. With the 
approval of the higher authorities special ventilating arrange¬ 
ments can be disi)ensed with if the fumes of carbon bisulphide 
arc removed immediately, at the point where they are produced, 
by means of a powerful draught, and in this way purity of the 
air be se(nrcd. 

2. The vulcanising rooms shall not be used as a dwelling, or 
for sleeping in, or for preparing food in, or as a store, or drying 
room, nor shall other processes than those of vulcnpising bo 
carried on in them. No persons, except those engaged in vul¬ 
canising processes, shall be allowed in the rooms. 

There shall be at least 20 cubic meters (700 cubic feet) of air 
space allowed for each person employed therein. 

3. Only such quantities of carbon bisulphide shall be brought 

into the vulcanising rooms as shall serve for the day’s supply. 
Further storage shall bo made in a special place separate from 
the workrooms. \'essels to hold the vulcanising liquid shall be 
strongly made, and when filled and not in use shall be w’ell 
covered. ■’ 

4. Vulcanising and drying rooms shall be warmed only by 
steam or hot-water pipes. 

These rooms shall be lighted only by mcan.s of strong 
incandescent electric lamps. , „ 

Exceptions from paragKiphs 1 and 2 may be ajjowed by 
the higher authorities. '' 

^ 6r Mac'kines intended for vulcanising long sheets of cloth 
shall be covered over (e.j., with a glass casing) so as to prevent 
as far as possible the entrance of carbon bisulphide fumes into 
the ^workrooms, and from the casing ,*he air shall be drawn 
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away effectually by means of a fan mechanically driven. 
Entrance to the space which is enclosed.shall only be allowed 
in case of defects in the working. 

In cases where a covering of the mffcliine is not practicable 
for technical reasons the higher authorities can, if suitable means 
of protection arc used (especially when the machine is placed 
in an open haU, and provided that no p.erson works at the 
machine for more than two days a week), allow of exception 
to the above arrangement. 

6. Vulcanising of other articles (not mentioned in par. 6), 
unless carried out in the o])en air, shall be done in covered-in 
boxes into whicli the worker need only introduce his hands, and 

arranged as to keep the fumes away from the face of the 
worker. 

The air must be drawn away fiom the box by means of a 
powerful draught. 

7. Kulc G shall appl}' in vulcanising both the outside and 

inside of indiarubber goods. In vulcanising the inside no 
worker shall be allowed to suck the fluid tlu'oi^gh with the 
mouth. ' 

8. The goods after their immersion in the vulcanising fluid 
shall not lie open in the room, but shall cither be placed 
under a Ventilated cover or at once be carried into the drying 
chamber. 

'•'he drying chamber or drying rooms in which the wares are 
exposed to artificial heat imtnediately after vulcanising shall be 
so arranged that actual entrance iirto them for the putting in 
or taking old of the vulcanised goods shall not be necessary. No 
person shall be allowed to eider the drying chamber while work 
is going on. The higher authorities can permit of exceptions to 
this rule in the case of the drying of long rolls if sufficient pro¬ 
tecting arrangements are made. 

0. Wher. vulcanisation is effected by means of chloride of 
sulphur th( vessels or chambers used for holding it shall be 
so arranged that escape of the fumes is prevented. 

No person shall enter the vulcanising chamber until the 
air in the chmnber has been completely changed; it shall 
not be used for purjioses other than vulcanising. 

10. Enljfioymcnt in vuicanisijig with carbon bisulphide or 
in othefwoik exposing the workers tq,(jarbon bisulpliidc vapour 
shall not be allowed without a break for ific-re than twti hours 
and in no cifee for more than four hours in one day; after 
two hours a pause of at least one hour must be allowed before 
resumption. * 
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No person under 18 years of agt shall be employed. 

11. The occupier shall provide all workers employed in v'ork 
mentioned in paragraph 10 with proper and sufficient overalls. 
By suitable notices and supervision he shah see that when not 
in use they are kept in their pro])er place. 

12. Separate washing acconiinodation and dressing-rooms 
for each sex shall be i)rovided, distinct from the workrooms, 
for all persons employed as stated in paragraph 11. 

Water, soap, and towels and arrangements for keeping the 
clothes put off before the eoinmcneeinent of work shall be 
provided in sufficient amount. 

13. Tli(^ oceu])ier shall apj)oint a duly qualified medical 
practitioner (whose name shall be sejit to the laispcctur of 
Factories) to siip('rvise the. health of those exposed to the 
effects of carbon bisulphide. He shall examine the workers 
once every month with a view to the detection of ])oisoning 
by carbon bisulphide. 

By direction of the medical practitionei' ^vorkers showing 
signs of^earbon bisulphide poisoning shall be suspended from 
work and those who a^jpoar peculiarly susceptible shall be 
suspended ]iermanently from work in pi-oecsses mentioned in 
paragraph 10. 

14. The, occupier shall keep a book, or make'" some official 
responsible for its keeping, of the changes in the persomiel in 
the processes mentioned in paragraph 10 and as tiO“their state 
of health. The book shall contain— 

(1) The name of the person keeping the book ; 

(2) The name of the a])pointed surgeon ; 

(3) Surname, Christian name, age, residence, date of 
first employment, and date of leaving of every worker 
mentioned in paragraph 10, and the nature of the employ¬ 
ment ; 

(4) The date of any illness and its nature ; 

(5) Date of recovery ; 

(6) The dates and results of the proscribed medical 
examination. 

16. The occupier shall require the workers to subscribe to 
the following conditions :— 

No worker shall take food into the vuloa>.ising rooms 

The worker^'»shall use the protection afforded in 
pstragraph^ 5-7 and use the overaUs in the work named; 

The workers shall obey the directiont; of the occupier 
given in accordance with Rule 6, paragraphs 1 and 2, Rule 
8, paragraphs 1 and 2, and Rule S, paragraph 2. Workers 
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contravening these orders shall be liable to dismissal 
without further notice. 

If in a factory regulations already exist (paragi'aph 134 (a) 
of the Industrial Code) the above shall be included. 

16. In the vulcanising rooms mentioned in Rule 1 there 

shall be posted up a notice by the jioliee stating— 

(а) Tlie cubic, eapaeitj' of the rooms ; 

(б) The number of workers vho may be (’mployed. 

Further, in every vuleani.sing room there shall be posted 

up in a conspicuous j)laee and in clear characters Rules 1-15 

mid the conditions in paragraph 15. 

Reference should be made also to the Prus.sian Mini.stcrial 
Decree, dated February 23, 1610, on the jircparation, storing, 
and manufacture of carbon bisulphide, and to the French 
Ministc'i'ial Circular, dated January 20, 1!)09 (Manufacture 
of Indiarubbcr). 

Employment of benzine and chloride of sulphur for 
vulcanising is. from a hygienic standpoint, to be preferred to 
that of the much more dangerou.s carbon bisulpldde. The 
same applies also to the process of the extraction of fat. 

In the references made to general arrangements for the 
protection of workc’rs dealing with poisons, stress was laid on 
the complete enclosing of extraction apparatus. This applies, 
of cour.se, to extraction by means of carbon bisulphide, both on 
grounds of economy, health, and risk from fire. 

On account of the risk to health, efforts have been made 
to substitute other means of equal efficiency, free from danger. 
Such a .substitute may be found in carhon tetrachloride. This 
extracts well, and dissolves grease spots (like benzine), is not 
€xplo.sive, is .scarcely inflammable, and is less poisonous than 
the substance:, commonly used for extraction. Its employ¬ 
ment is to be recommended on hygienic grounds, but the 
relatively high price may stand in the way of its use. 

Rlazuinatmg Gas Industry. Production of Tar and Coke 

(See also pp. 71-?)0 ^nd 10!1) 

In illuminating gas factories imperviousness oi’ tho»whole 
working system is especially important from an economical 
and hygienic standpoint, since only in this way can danger 
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to the working staff be avoided* This applies especially 
to the retorts, from which no gas should be allowed to 
escape. If the exhaust is working satisfactorily this should 
not be possible, as the pressure of the gas in the retorts during 
distillation will be a negative one. Correct regulation of 
pressure is thus of the greatest importance in the prevention 
of poisoning in gas works. 

Further, special precaution is necessary in operations with 
gas purifying material containing cyanogen, since otherwise 
the workers suffer from the gases developed from the* gas 
lime. 

Work with gas purifying material should be ao arranged 
that injurious gases are carried away by suitable ventilating 
arrangements. Consideration for the neighbourhood forbids 
their discharge into the open air, and forbids also operations 
with the gas purifying material in the open air ; therefore non- 
injurious removal of these gases is necessary. 

( Quenclting of the coke also .should, on account of the 
annoyance to the working staff and to lessen nuisance to the 
neighbourhood, be carried out so that the fumes are drawn into 
the main chimney stack. ' 

In coke ovens csca ])0 of tarry constituents and of poisonous 
emanations arc prevented by imperviousness of the apparatus, 
by sufficiency of the exhaust draught, and especially by 
passing the products of distillation, which cannot be con¬ 
densed, under a fire, or by absorbing them either with water 
or oil. 

Special precautionary measures are needed further in the 
distillation of the washing oil, and generally escape of poisonous 
emanations must be prevented by the greatest possible im¬ 
perviousness of the distillation .system and corresponding 
regulation of pressure. 


Gas Motors (Power Gas Stations) 

(See Ulso pp. 80-5) 

.The following points, taken from an Aus^trian Ministerial 
Decree (dated December 2, 1903), for the prevention of 
poisoning in power gas works, may be usefjd; 
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Power Gas Instaixahons 

In mixed gas installationa (Dowson, -ttater gas) of the older 
system, the way in which the gas i«i produced causes the 
whole apparatus and pipes to be under slight negative pressure, 
because the steam required for the process must be blow’n into 
the generator. In these works, therefore, a small special steam 
boiler is required and a gas receiver to store thogas. 

In more modem suction generator gas installations the 
j)iston is used to suck in steam and air as well as the gases 
arising in the generator and to draw them into the motor 
cylinder. Tlius the whole system is kept in a condition of 
slight negative jiressurc during the process. While the suction 
generator gas system is working, only so much gas is produced 
as the motor uses for tlie time bein ', so that with this system 
there is no greater st ore of gas than is requisite. 

In such an installation the following rules should be borne 
in mind : 

1. All the apparatu.s (gas })ipeR, valves, &c.) must be con¬ 
structed and maintained in a completely impervious condition. 
Any water seals especially which may be in use must receive 
attention. 

2. PrSeautions must be taken to prevent the gases from the 
generator passing into the coolers and jturifiers when the engine 
is at rest. 

15. Care is to be taken when the apparatus is at rest to prevent 
any possible subsequent escape of gas into the room where the 
apparatus is installed. 

4. The return of explosive gas out of the gas engine, into 
the gas pipe by failure to ignite or other accident, must be made 
impossible. 

5. The ajjparatus through which the generator is charged 
must jmsscKS a tightly fitting double valve to prevent escape 
of gas into the room during charging. 

6. The pipes for conducting away the unpleasantly smelling 
bituminous eons til uents in the water mixed with sulphuretted 
hydrogen from the scrubbers must not communicate with the 
workroom. 

7 . Precautions must be taken to minimise the danger 
during the cleaning of the generator (removal of ashes and 
slag). 

8. All stip-coeks and valves are to be so arranged tnat tneir 
position at any time (open or shut) is clearly visible from outside. 

9. I’uritcTS witb'a capacity greater than two cubic meters 
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must be provided with appliances which make possible thorough 
removal of the gam before they are opened. 

10. The ga.s cashing and cleaning apparatus and pipes are 
to be fitted with gauges indicating the pressure existing in them 
at any moment. 

11. When a suction gas plant is finst installed and also at 
times when thc're is no gas in the })ipes and plant between 
the generator and the engine, ga,s nui.st be blown in until all 
air is expelled before the engine is set gnijig. 

12. During tlu^ cleaning of ajjparatus and pipes which, when 
in action, contain gas, tlu; rooms must la* thoj'oughly ventilated. 

13. Rooms in which suction gas jhant is installed mujt be 
of such a height that all the plant and it.s eonneeftons cafti be 
easily reached for cleaning, &c., and be caj)ablo of such free 
ventilation as to j’ender impo.ssible an accumulation of gas. 

14. These rooms mu.st bc! .sc^pai’atcxl from living room.s by 
a wall without any o])cnirigs in it. Rina,iiatioii.s also must be 
prevented as far a.s ])os,sible from entering into living or working 
rooms situated over the gas engine'. 

1,1. Erection of aj)])ai'atus for generating and purifying 
suction gas in cellars shall only lie allowed if S])ceiaJly effective 
ventilation is providc'd by natural or mechanical means. 

Other Regulations are tlio.se of tlie Prussian Mini.sterial 
Decree, dated June 20, 1904, as to the arrangement and 
management of .suction gas premises. 

AcnTYLBNE Ga.s In.stallations 

(See also pp. 85 -7) 

The following regulations for the protection of w'orkers in 
acetylene gas installations arc taken from the Prussian 
Ministerial Decree, dated 2 November, 1897 ; 

1. Prc'paration and condensation of acetylene on the one 
hand, and liquefaction on the other, must bo carried on in 
separate buildings. 

2. If the pressure employed, for eondeiusaticyi of the gas 
exceeds eight atmosplicres,*'tlii.s work must take placi in a room 
set apart^for the^urpoSe. 

^ 8. Rooms in which acetylene is prepareci condensed, or 
liquefied shall not be used a.s, nor be in direct connection with, 
living rooms. They must be well lightsd and ventilated. 
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' 4. The carbiie must bo kept in closed watertight vessels, 

so as to ensure perfect dryness and only such quantities shall 
be taken out as are needed. The vessels must be kept in dry, 
light, well-ventilated rooms ; cellar roojns may not be used for 
storage piirposes. 

,5. Crushing of earbid<; mu.st be dont; with the greatest 
possible avoidance of dust. Workers are to be provided with 
res})iral.ors and goggles. 

f). .Acetylene gasometers must be fitted up in the open air 
or ill a well-ventilated room, separated from the ga.s generator. 
Every gas receiver must have a water gauge showing the pressure 
in tile receiver. 

, 7. iietween the gixsometer and receiver a gas purifier must 

be ])rovidcd so as to remove impurities (pliosplioretted hydrogen, 
arseniuretted hydrogen, carbon bbiilphide, ammonia, &c.). 

S. Condensation of acetylene gas at a pressure exceeding 
ten atmosjilieres shall only be done in combination with cooling. 

DLSTKlr.lTTION ANJ) UsE OF PoWER AND IlLT!MIN.\T1NO GaS 

1'lic Austrian Gas Regulations (of July 18, 1906) contain 
general ])rovisions a.s to iinjienneability and security of the 
gas pipes and the precautions to be observed in their installa¬ 
tion. Special directions follow as to main flues; material, 
dime.isions, branches, and connections, vah’c arrangements, 
testing of the pijics against leakage, directions for discovering 
leaks, and other defects ; also the nature of the branch pipes 
(dimensions and material), valve.s, cocks, syphons, w'ator seals, 
and pressure gauges. In addition there are directions as to 
testing pipes and b.ow to deal with escape of gas, freezing of 
pipes, and other mishaps. 


Ammonia 

(8ee also pp. 90-.3 and 175) 

In the production of ammonia and ammonium salts 
(ammonium sulphate) combination of the ammoniacal vapour 
with the stilphuric acid is accompanied with the formation of 
volatile dangerous gases confainjng sulphuretted hydrogqgv 
and cyanogen compounds, which produce marked oppression 
and sometinfes endanger the health of the workers. Drawing- 
off the'^e fumes into the furnace (practised sometimes 
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in small industries) is not advisable, as the sulphuretted 
hydrogen is burnt to sulphur dioxide ; if it is burnt absorption 
of the sulphur dioxide should follow, or working it up into 
sulphuric acid (Leyma'nn). Often these gases are freed from 
cyanogen compounds and s,ulphuretted hydrogen by means of 
gas purifying materials, such as are used in gas works. The 
whole apparatus must be impervious. Where liquids con¬ 
taining ammonia are used exhaust ventilation is necessary. 


Cyanogen, Cyanogen Compounds 

(See also pp. and 105-7) 

Processes in whi(-h cyanogen gas can develop, require to 
be done under a pow'crful exhaust draught. 

In the production of cyanogen compounds ])ossibility of the 
escape of hydrocyanic acid (prussic acid) has to be borne in 
mind. Such^ escape is possible in its production from raw 
dnimal products. 

The most careful cleanliness and observance of general 
measures for personal hygiene are necessary in factories in 
which cyanogen compounds arc manufactured or handled. In 
cru,shing cyanide of potassium the workers should wear india- 
rubber gloves and respirators. The products should be stored 
in closed vessels in dry store rooms set apart for the purpose. 

Modern cyanide of potassium factories w'hich W'ork up 
molasses, from which the sugar has been removed, and also 
residuary distillery liquors, so far conform wdth hygienic re¬ 
quirements that all the apparatus is under negative pressure, 
so that poisonous gases cannot escape into the workrooms. 


Coal Tar, Tai Products 

(See also pp. 96-110) 

Care must be taken for the removal of injurious gases 
.ileveloped in the manipulatiorf and use of tar (tar distillation) 
and in the propesses of cleaning connected therewith. This can 
be mQft Sfifectively done by carrying on the procelses in closed 
apparatus. Hofmann describes such a factoiy where all 
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mixing vessels in which the distillation products are further 
treated are completely closed in, so thftt even in mixing and 
running off, no contact is possible with the material. 

The vessels for holding tar, tar-water, &c., must be imper¬ 
vious and kept covered. Only the cold pitch and asphalt 
should be stored in open pits. The cooling of the distilla¬ 
tion products and residue.s, so long as they give off poisonous 
and strongly-smelling fumes, should be carried out in metal 
or bricked receivers. Such directions find a place in the 
‘ technical Instructions ’ appended to the German Factory 
Code. Without doubt, tar is, because of its smell and for 
oUicr rcEBions, unpleasant to handle, and the danger to health 
from contact with it is not a matter of indifference. Spilling 
of small quantities of tar during transport and other mani¬ 
pulations can hardly be avoided. Careful cleanliness, there¬ 
fore, on the part of workers is strongly urged. It may 
be mentioned that if tar is covered with a layer of tar- 
water, treatment with acid fluids develops ‘sulphur and 
cyanogen compounds, which may affect the workers. I'ar 
water should, therefore, be .sei)arated carefully from the tar 
and used*for the preparation of ammonia. 

The same remarks as to cleanliness, &c., apply in the 
mam facture of felt, lamp-black, and briquettes, with use of tar. 
Saturation of felt, and manufacture of tar plaster should be 
done in closed apparatus. In the production of lamp-black, 
even with a great number of soot chambers, there is escape of 
soot causing nuisance to worker.s and the neighbourhood. 
Complete avoidance of this seems to be difficult, so that 
measures for personal hygiene must be assured. In briquette 
factories it has been found useful to heat the tar by means of 
steam instead of by direct fire, which renders possible the use 
of a closed apparatus and mechanical stirring. 

In the distillation of tar, during the first distillation period 
(first runnings) unpleasant and injurious gases containing 
ammonia and sulphur escape from the stills. These should 
(according*to Leymann) be carsied away through closed pipe% 
branching oh' from the lower enf.’of ^he running-oS pipe* 
either into t|je furnace (in doing which a possible back f^ash of 
flame is to be guarded against) or be subjected to purification 
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by lime or oxide of iron (similar to tltiat in the case of illumi¬ 
nating gas) with a viey^ to recovery of ammonia and sulphur. 
The lower end of the distillation pipes should be U-shaped 
so as to form a liquid seal—the pipes for the drawing off of 
the gases branching off befere the curve. In the later stages 
of distillation risk can be checked by careful cooling and 
imperviousness cf tile apparatus. 

Very unpleasant yellow fumes develop in great quantity 
when pitch is run off from the hot still. Hence hot pitch should 
not be run off into open ])itoh recej)tacles, but be cooled first in 
closed receptacles. 

The crude products obtained by distillation (light qd, 
creo.sote oil) are subjected to purification consisting in treat¬ 
ment on the one hand with alkali and on the other with acid 
and followed by fractional distillation. In these processes 
injurious fumes may develop, therefore they must—as already 
mentioned— he cari'ied on in closed vcs.sels provided with 
njeans of essape for fumes and appliances for mechanical 
stirring ; the fumes drawn off must be led into the chimney 
stack. 

In the di.stillation of brown coal, of tar, and of ffesin, it is 
necessary, as in the distillation of coal tar, to insist above all on 
careful cooling and condensation, and thorough absorption of 
uncondensed gases in washing towers. (Special precautionary 
rules are necessary to guard against liie danger of entering tar 
stills for cleaning purposes. Such directions were approved in 
Great Britain in 1904 in view of accidents which occurred in 
this way : 


Tar Distilling 

[The following directio>..s * arc approved by the Home Office and 
are applicable to factories in which is earned on the distillation 
of tar for the production of naphtha, light oil, creosote oU, 
and pitch. 

1. During the process of cleaning, every tar stiU should bo 
completely isolated from adjl)ining tar stills cither by discon¬ 
necting the^pipe leading from the swan neck to the condenser 
wojm‘ or by disconnecting the waste gas pipe fixe(l to the worm 

* Keprinted by jKJrmi.xsiun ol tUo Controller of H,M. Stationory Office. 
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2^3 

end or receiver. Blank flanges should bo inserted between the 
disconnections. In addition, the pit ^ischar^ pipe or cook at 
the bottom of the still should be disconnected. 

2. Every tar .still should be ventifeted and allowed to cool 
before persons are allowed to outer. 

3. Evci-y tar still .shor.ld bo iirsiieofod by the foreman or 
other responsible person before any wor'e.’.an is allowed to enter. 

4. The insi)eeting f()r('nian on first enteiing any far still or 
tank, and all persons employed in tar stills or tanks in which there 
are no cross stays or obstruction.s likely to cause entanglement, 
should be providetl u'ith a belt sec.urcly fastened round the 
body with a rojio attached, the free end being left with two 
men Outside w'hose sole duty .should be to watch and draw out 
any jan-son appearing to bo alTcctc'd by gas. The belt and rope 
should be adjusted and worn in each a manner that the weai'er 
can 1)0 drawn u]) head foremost and tlirough the manhole and 
not acros.s it. 

C<. A bottle of comjjressed oxygen, with mouthpiece, should 
bo kept at. all times ready for use; and printed instructions 
ms to tho use of this bottle, and tlie method to bo employed for 
resu.scitation by moans of artificial respiration .should bo kept 
constantly affixed. A draft of such instructions is appended. * - 

(). A suj)ply of suitable chemical resj)irators propeWy charged 
an(^ in good condition should be ke])t ready for use in case of 
< mergenoy aiising from sul])hurettod hydrogen or certain 
poisonous gases. (Granules of carbon saturated with a solution 
of caustic .soda readily absorb sulphuretted hydrogen and may 
bo used for charging respirators.) 

7. Tho use of naked lights should bo strictly prohibited in 
any portion of the rvorks where gas of an inflammable nature 
is liable to bo given off. 

8. Each still .should bo provided with a proper safety valve, 
which siiould at all times he kept in efficient working condition. 


Ga.ssi».’o 

Symptoms .— Tho first symptoms an- giddiness, weakness in the legs, and 
palpitatijn«of tho heart. If j^nian fw-Ls these ho should at once move into 
fresh wjrm sir, when he will quiekly»j'eeover if slightly affected. He shored 
avoid e.xposuro to cold. H e should not fr-^k homo too soon after recovery ; 
any exertion is harmful. * ’ , 

First Aid..*-Removo tho patient into fresh warm air. Hcnd for the oxygen 
apparrtu.s. Scud for a doctor. Begin artificial breathing at onoe if the 
patient is ins ‘i^iblo and rontinue it for at least haM-an-hour, or until natural 
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breathing returns. Oivo oxygen * at the saifio time and continue it after 
natural breathing returns. 

Artificial Breathing {Schdj ^r Method ).—Place the patient face downwards 
fw shown in the diagrams. 

Kneel at the side of the phtient and place your hands flat in the small of 



Diagram 1 

his back with thtimbs nearly touching, and the fingera spread out on each 
side of the body over the low'est ribs {sec Diagram 1). 

Then promote artificial breathing b}' h'nrtiiig forward over the patient 
and, witliout violence, produce a firm, steady, downward pressure {^^e. Diagram 




Diaueam 2 


2). Next release all pressure by swinging your body backwards without 
luting your hands from the patient (fificiDingi'am 1). , 

* t Repeat this pressure and reifwcation of pressuro without any marked 
pause betwe^en tilt movem^mts, about 15 times a minute, until breathing is 
cstablishfd. 

♦ Use of Oxygen Cylinder .—Open the valve gradually by tapping the 
lover key (which must first be extended to its full'length) (With the wrist, 
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until the oxygen flows in a geulo stream from the mouthpiece into the patient’s 
mouth. The lips should not be closed round the mouthpiece. The nostrils 
should be closed during breathing in, and opcnjl during breathing out. 

If the teeth are set, close the lips and one nostril Let the conical end of 
the mouthpiece slightly enter the other nosiril during breathing in, and 
remove it for breathing out.l 

In my opinion as expressed in the general di.scus.sion, use of 
breathing apparatus (smoke helmets) with (ptygen is strongly 
advisable ; these implements must be put on before entering the 
still. 

In croosoting wood, opening the apparatus and taking out 
the steeped wood should only bo done when the apparatus is 
^flficieatly cooled, as otherwise injurious fumes escape. 

In heating asphalt unpleasant fumes arise which should 
be drawn off into a furnace, oi absorbed by a condenser 
charged with oil (Leymann) ; open pans should be avoided, as 
injurious to workers. 

Organic Dye-stuffs, Coal-Tar Colovui. 

(Sec also pp. 107-19 and 204-15) 

I’he hygienic measure.s to be adopted for the prevention of 
industrial poisoning in coal-tar colour factories are chiefly 
cor jernod with the poisonous nature on the one hand of the raw 
material (benzene, toluene, &e.) and on the otlier of the inter¬ 
mediate products (nitrobenzene, aniline, toluidine, &c.) and 
the subsidiary substances (chlorine, acids, e.speciaUy nitric 
acid &c., used. 

The most important measures are as follows : 

In purifying the raw materials (benzene, &c.) the distillation 
re([uires t.) be done under effective cooling and in impervious 
apparatus. If injurious solvents are employed (such as 
pyridine in the production of anthracene) the manipulations 
should bo performed in closed apparatus if possible, under 
negative pre.ssure. The fumes exhausted should be carefully, 
condensed by cooling or absorbed by a spray of water or oil. 

In vifew of the poisonous ijature of benzene, the apparatus, 
stills, receivers, tanks, tank waggons, &c., should only Be 
eni erod forjthe purpose of cleaning or repairing after prehminary 
thorougli removal of all residue of benzene, complete isolation 
from .all similar apparatus near, and thorough ventilation. 
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Workers entering the stills, &c., should*always be equipped with 
breathing apparatus (smoke helmets) and with a supply of 
oxygen. Other aids, sfech as safety belts which are held by 
helpers, are not here ailvooated in view of the often sudden 
fatal poisoning, c.specially as the rescuer is easily induced to 
spring to the assi.stance of fiis unfortunate mate without the 
necessary equipment The frequency of such accidents calls 
urgently for the use of breathing apparatus. 

In the manufacture of dlazo- and nitroso-mmpovnds and 
generally in nitrating operation.s poisonous nitrous fumes ar^' 
developed. By reduction in an acid solution, acid fumes 
and singularly pungent-.smoliing compounds can be given ofj. 
If reduction by means of tin is practised, the arsenic in the tin 
can cause evolution of the extremely poisonous arseniuretted 
hydrogen gas. In sulphonating, sulphur dioxide can develop ; 
and sulphuretted hydrogen gas on heating with sulphur or 
sulphide of sodium. 

All manipylations should take })lace in tightly closed-in 
ipparatu.s p)rovided with exhaust, and the gases drawn off 
ihould be absorbed or effectively carried away. In the case 
)f many injurious gase.s it is not sufficient merely to<conduct 
hem into the flue ; they ought to be condensed and got rid of. 
Thus acid fumes (nitrous fumes, sulphur dioxide, hydrothlorio 
icid vapour, chlorine gas) are neutralised by water or milk of 
ime, or a .solution of soda ; ammonia or alcohol by water; 
lulphuretted hydrogen and arseniuretted hydrogen by lime 
ind oxide of iron ; aniline, &c., by dilute acids. 

Production of nitrobenzene by nitrating benzene requires 
;o be done in closed apparatus, provided with mechanical 
igitators. In the sub.sequcnt separation of the nitrating acids 
:rom the resulting nitro-compounds, escape of vapourised 
litro-compounds can scarcely be avoided even if closed 
apparatus is used. Provision, therefore, must be made for 
abundant ventilation of the workrooms. The reduction of the 
nitro-compounds (nitrobenzene, nitrotoluene) to aniline 
(toluidine) must similarly take place ir closed agitating vessels. 
Introduction of the iron fijipg8*and sulphuric or hydrobhloric 
acids, alsq the< subsequent saturation with lime, and driving 
over of* the aniline, &c., with steam, and collectioA of the dis¬ 
tillate, must take place in completely ^closed apparatus. 
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Nevertheless, escape of .small quantities of aniline is very* 
difficult to prevent unless ample ventilation is- provided. 

In the production of fuchsin by heatiiijg aniline hydrochloride 
(toluidine, red oil) with nitrobenzene ^formerly arsenic acid) 
in closed vessels, furnished with mechanical stirring apparatus 
the aniline remaining uncon''crted after the melting escapes in 
the form of steam carrying aniline fumc.^ even with careful 
condensation, so that thorough ventilation and the othergeneral 
measures for the protection of workers set forth on pp. 242 
€# srq. are reejuired. 

Marked injury to health and distress to workers through acid 
fume.s ajc .sonuhimes caused by the denitration of the waste 
mixture of sulphuric and nitric acids in the nitrating process, 
that is, by the sejiaration of nitric ,icid from the acid mixture. 
This denitration takes place usually in the Glover towers.of the 
lead chamber system whielc is often associated with the manu¬ 
facture of aniline. The mixed nitro-compounds of the waste 
acids, however, are often not completely condensed, but pass 
through the chambers and Gay-Lussac towci’s and escape intto 
the air, whence arises the constant smell of nitrobenzene in 
aniline fiKitorics (Leymann). In the production of Jiaphthyl- 
amine and recovery of chlorinated products, escaping chlorine 
should* be led into chloride of lime chambers, hydrochloric 
acid fumes into towers to be absorbed by water and milk of 
lime or a solution of soda. 

In aniline factories danger can scarcely be wholly avoided, 
as the workers, on the one hand, come into contact with 
pois(,nous substances, nitrobenzene, aniline, &c., and on the 
other hand, in spite of all technical hygienic measures, can 
hardly help breathing in some of the aniline. Apart from the 
technical lugulations, therefore, there must be insistence on 
cleanliness of the workrooms, personal cleanliness on the part 
of the workers (washing, baths, working suits, cloak-rooms,&c.). 
Besides this, contact with aniline, nitrobenzene, &c., wetting 
of the body and elothes wdth these substances, and, especially 
spilling, splashing, and scattering these fluids must be carefully 
avoided. 1’Ke workers require'to be suitably instructed as tji 
the symptoms of nitrobenzene and aniline poisoning^ and the 
right steps fc take, if poisoned. The oxygen apparatu# must 
always be at hand, ready for use; the workers must be 
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nstructed how to use it. Further,<workers, especially those 
lewly employed, must be under 'supervision in order that 
issistance may be rendered them on the first signs of poisoning ; 
medical assistance ought to be within easy reach. Workers 
also should know of the tendency of aniline to cause cancer of 
the bladder. 

Precautions against the poisonous nitro-derivatives of 
benzene (nitrophenol, picric acid, &c.), wliicli are in the form 
of poisonous dust, must take the form of entirely closed-in 
grinding and packing apparatus, or, at all events, removal bf 
the dust at its source. 

Among official regulations may be mentioned the Prussian 
Ministerial Edict, dated December 18, 1908, as to purification 
and storage of benzene, and further the Regulations dated 
December 13, 1907, and December 30, 1908, in force in Great 
Britain for the manufacture of nitro- and amido-derivatives of 
benzene, and the manufacture of explosives with use of dinitro¬ 
benzene or dinitrotoluene. 


VI 

PREVENTIVE REGULATIONS—THE EXTRACTION 

OF METALS {SMELTING WORK IN GENERAL) 

Danger is incurred when the furnace leaks, a condition which 
generally occurs in the course of time, or if gases escape during 
the necessary manipulations through the working doors. This 
can be avoided by maintaining the walls in as air-tight a state 
as possible ; but as very small leakages are almost unavoidable 
the best course is to so regulate the draught in the furnace (by 
means of fans) that a slight negative pressure always exists 
in it. Naturally, poisonous gases escaping from the furnace 
such as sulphur dioxide, carbonic oxide, carbon dioxide, and 
hydrocarbons require to be drawn away and rendered harm¬ 
less. This can often be done by ma-ely conducting'them into 
•Ijhe main flue. Gases eoqt^ining carbonic oxide possess high 
heating i^packy, and‘their escape can usually be prevented by 
suitabie cupola bells. They can be led away in impervious 
conduits and utilised for heating purposes or for driving gas 



BLAST FURNACE GAS POISpNING 289 

mgines. Entering the flu^ for cleaning or repairing purposes 
8 especially dangerous ; and as it is difficult to isolate one 
Dortion entirely from another, such operations might well 
3e carried on by persons equipped witlif breathing apparatus 
'smoke helmets or oxygen apparatus^. 

In roasting operations haiidwork can be largely replaced by 
'urnaces worked mechanically. If the gases^er;erated are rich 
n sulphur dioxide they can be utilised for the manufacture of 
iulphuric acid or for the production of liquid sulphur dioxide 
dtfier directly or after concentration ; if not, they must be 
rendered harmless by treatment with milk of lime in absorption 
rowers. Gther niethod.s of rendering the sulphur dioxide 
'unsuited for manufacture of sulphuric acid) harmless depend 
Dll treatment with minerals contaiiiiiig calcium carbonate, or 
magnesium or aluminium hydrate, sodium sulphide, &o. 
Sometimes the sulphurous gases are led into blast furnaces 
containing oxide of iron and coal (so as to form sulphide of 
iron) or are absorbed by means of moist scraps of jjieet iron or 
brotvn coal or peat briquettes. 

Use of chlorine compounds in the extraction of metals from 
Dres (silvei*, copper) causes evolution of chlorine and hydro¬ 
chloric acid vapour. These should be dealt with in absorption 
towel-!. "Metallic fumes are collected by suitable condensing 
arrangements. Flue dust is retained in flue dust chambers, 
but in the cleaning of such condensing flues and chambers 
danger to the workers is considerable and they should be 
equipped with respirators, working suits, &c. Personal 
hygiene must be insisted on. 


Iron 

(See also pp. 146-Sl) 

In blast furnace work, industrial poisoning occurs mainly 
from escaping gases rich in carbonic oxide. They may also 
contain sulphur dioxide and cyanogen compounds. The high 
proportion ,)f carbonic oxide, lio\«^ver, makes these gases ^ 
valuable and serviceable, because of their*great heating value. 
They are, therefore, now led away and utilised, the fufnaoe 
being closed by a cppola bell only opened by means of a 
mechanical coAtrivanqp when charging is necessary ; while this 
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is being done the ignited blast furnSce gases pour out, and the 
workers retire from^the opening, so that danger to them is 
avoided. The construction of a blast furnace with a cupola 
bell can be seen in fig. 29. The blast furnace gases are con¬ 
ducted away by an opening in the side, and pas.s along special 
pipes to be utilised, after having gone through a purifying 
process mainly for the removal of flue dust, &c. The gases 
serve partly for the heating of the blast for the furnace itself, 
and partly for driving the gas engines which serve the electrical 
power apparatus, electric lighting, &c., in the works. Throftgh 
the rational utilisation of the blast furnace gases, the workers 
are protected from their injurious action during the woi^ing 
of the furnace. Serious gas poisoning, however, occurs not 
infrequently to workers who have to enter the gas mains for 
cleaning purposes. Workers, therefore, should only be per¬ 
mitted to enter the flues, &c., a considerable time after the 
process has been stopped and after as complete and thorough 
a ventilaticyi of the system as is possible. 

Any portion of the gas system which is to undergo cleaning 
must be completely isolated. Ventilation is best effected by 
the introduction of compressed air. Thus a fourtdry (in the' 
Duisburg district) has provided all its cellars and passages, 
through which gas pipes pass, and which must be entci'ed during 
repairs, with compressed air pipes. It is, however, advisable 
that gas conduits should only be entered by workers equipped 
with breatliing apparatus and oxygen supply. Naturally 
adequate instruction of workers and training in first aid are 
necessary, as well as a sufficient supply of oxygen in constant 
readiness. 

Injurious gases can escape from the furnace during tap¬ 
ping and slag running; poisonous gases with a disagreeable 
odour, from presence of sulphuretted hydrogen, also arise in 
granulating the slag, that is, when the fluid slag is led into water 
for subsequent use in preparation of cement. These gases 
should be collected by hoods, and be carried away as far as 
possible. j e 

In the manufacture ,of steel by the Bessemer or" Thornm- 
Oilchrist process, the dark smoke arising out of the converter 
durfiig the blowing operation should be drawn off (led into, 
flues), as it is injurious to health. In, the Martin furnaces 
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poisoning may occur, especially when the gas flues are entered 
after cessation of work. In letting out the gas in order to stop 
the furnaces, the gas and air valves must first be closed and the 
outlet valves for gas be opened only afte» the pipes have been 
filled with steam. Steam is to be,,driven through until the 
pipes are quite free from gas, and the system only entered after 
it has become thoroughly cooled. If need i,ris§s for entering 
portions of the system while neighbouring parts are still filled 
Avith gas, the Avorkers employed require to be provided with 
brdkthing apparatus and smoke helmets. 

In the transport of ferro-silicon several eases of poisoning 
haA'y occusTcd. Cautionary regulations, therefore, relating to 
this Avork have been found necessary. 

Such directions are contained iu the police regulations of 
the Prussian Minister of 'J’rade and Industry respecting the 
transport on the Rhine of corrosive and poisonous substances 
(dated September 29, 1910). 

It is prescribed : (1) that ferro-silicon be packed in strong ^ 
watertight cases of Avood or metal; (2) that on the cases 
be inscribed, legibly and indelibly, the notice ‘ Ferro-silicon. 
To be kept dry! With care! ’ (3) that the substance be 
delivered dry and in dry cases: (4) that the cases be 
stored in airy places on the deck of the ship in such a 
manner that they are protected from wet. 

Further, care is to be taken that the .storage on ships is 
done in such a Avay that possible damage to the material in 
which it is packed entails no ri.sk. The harbour authorities 
where loading or landing takes place can deal Avith special 
cases as they think fit. 

International regulation as to transport of ferro-silicon in 
the spirit of the above regulations would be most desirable in 
Ariew of the oversea trade in this substanee.* 

• The suggested rogniatious made after his inquiry (see p. 140) by Dr. Copeman 
are: 

1. FerrO'Silicou should not bo sont out from the works immediately after 
manufacture, bu^after being broken up into pieces of the size in which it is usually 
sold, should ^ stored under cover, but. expos^fd to the air as completely as possible, 
for at least a monii' before being despatched from«tho works. 

2. Manufacturers should bo required to mark in bold IRttors each barro^r other 
parcel of ferro*8ilic«i with the name and percentage grade (certhied by ohepiical 
analysis) of tho matorial; the name of the works whore it is produced; the date of 
manufacture • and date of despatch. 

3. The oarriago <Jf ferro-siUcou on vessels carrying passengers should be pro- 

t^2 
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Lead 

(See also pp. 120-40 and 177-82) 

t 

For protection against lead poisoning, the most widely 
spread of the slow industrial poisonings, all those measures are 
of moment whiol^ we have described in our general discussion 
on protection against danger from poison in industries, both 
personal and general. 

Personal hygiene, especially careful washing after w«'rk, 
prohibition of eating in workrooms, suitable working clothes, 
provision of cloak rooms, meal rooms, baths, &c., are important 
and effective measures for the protection of workers against 
industrial lead poisoning. 

The worker should naturally be adequately instructed as to 
the risk. Appropriate printed notices are especially adapted 
for this purpose. 

Further^ selection of workers should be made under medical 
' supervision. Workers who suffer from specific disease which, if 
associated with lead poisoning, may prove dangerous, should be 
excluded from all contact with lead. Among such illnesses must 
be reckoned tuberculosis in all its forms, alcoholism, epilepsy, 
tendency to mental disease (nervous disposition,!, hysteria, 
neurasthenia, &c.), rheumatism, and disease of the kidneys. 

Overtime work undoubtedly increases risk ; therefore work¬ 
ing hours should be shortened as much as possible, and hand¬ 
work replaced by machine work where possible. Young 
persons and women especially should be excluded from work in 
lead. Alternation of employment also is beneficial and essential 
in very dangerous lead work, because the poison accumulates 
in the body and only during intervals wherein absolutely 
no poison can be absofbed has it time to be eliminated. 

hibited. When carried on cargo boats it should, if circumstances permit, be stored 
on deck. If it be considered necessary to store it elsewhere, the place of storage 
should be capable of being adequately ventilated, and such place of stdrage should 
be cut off by airtight bulkheads from the quarters occupied by the crew of thg 
vessel. * C 

4. This regulation should Ipply to the transport of forro-silicon on river or 
canal b^ges as well as on sca-going vessels. 

^ Storage places at docks or at works where ferro-siliconSs used should have 
provision for free accf^ss of air, and should bo situated at a distauee frpro 
rooms, mess-rooms, offices, &o. 
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Periodical medical examination by a surgeon is of great 
value with systematic entry of the resultj) of examination in a 
health register. As bearing on this, early diagnosis is of the 
greatest importance, so that workers in* whom the first signs 
of lead poisoning appear may at oxce be suspended or trans¬ 
ferred to other work. 

Lead workers should take suitable nourishing food and 
avoid particularly alcoholic excess. 

jWhen the danger is due to fumes or dust in the air 
the measures prescribed on pages 242-55 apply, particularly 
those which aim at keeping the workrooms and the air in 
the* factortes free of them by locally apphed exhaust venti¬ 
lation. 

In order to replace or reduce the u.se of lend we strongly 
advocate the use of non-poisonous, or at any rate less poisonous, 
substances, where this can be done without technical difficulties, 
as, for instance, carborundum discs instead of lead in polishing 
of precious stones, leadless glaze in pottery for lead glaze (sot, 
far as this is possible, as to which see page 319), beds free of 
lead (in different industries) for lead beds. In a number of 
cases, however, such substitution is impracticable on techincal 
grounds or can only partially be carried out, as, for example, in 
letterpress printing and in the paint and colour industry, in 
which the prohibition of lead has often been repeatedly urged. 
So far, unfortunately, it must be admitted that repeated 
attempts to find a non-poisonous substitute for lead colours, 
especially for white lead, of equal value technically, have not 
succeeded. Endeavours have been made to substitute for lead, 
zinc preparations (zinc white, lithopone, &c.), but hitherto (in 
regard to du' abihty, opacity, &c.) with incomplete success. 

Mention must be made of the measures based upon the re¬ 
latively non-poisonous nature of lead sulphide. Lead sulphide 
is, in spite of various assertions to the contrary, practically 
non-poisonous ; a fact attributable to its insolubility in water 
and weak ajids. As lead sulphide is the only non-poisonous 
lead confound it is a duty to take advantage of this fact for 
purposes of lead prophylaxis. 

Attempts ivith this end in view were made by the intro¬ 
duction of sulphur soaps in lead factories. Soaps containing 
in large quantity soluble alkaline sulphides convert lead 
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compounds adhering to the skin* into black lead sulphide. 
The lead compounds are in this way made harmless, and 
besides this the worker is impelled to remove the staining 
by washing. Such ‘a sulphur soap has been brought into 
the market under the ni#me of akremnin soap, but does not 
enjoy special popularity with the workmen on account of its 
unpleasant smell.' 

The struggle against the risks of lead employment has been 
going on ever since efforts for the protection of workers Vfpre 
commenced. 

The International Association for Labour Legislation has 
made valuable inquiries in this direction. The ^uestiofi of 
lead poisoning had been repeatedly discussed by this Associa¬ 
tion and its branches in various countries. The International 
Labour Bureau also took up the issue and in 190(i—supported 
by the Institute for General Welfare in Frankfurt a-M.— 
offered a prize for the best treatise on the prevention of indus- 
I trial lead pbisoning. The outcome of this competition was the 
volume compiled by Leymann, ‘L)ie Bekampfung der Bleigefahr 
in der Industrie ’ (published by Fischer, Jena, 1908j. 

In connection with the resolution adopted at the third 
Congress of the International Association for Labour Legisla¬ 
tion the Union of Social Reform (as the German branch is 
called) addressed the Federal Council on the white leadquestion, 
the chief points insisted upon being the need for : (1) regulations 
for the house painting industry in pursuance of Section 120 of 
the Factory Code ; (2) report by the Imperial Health Office on 
the practicabihty of substitutes for lead ; (3) exclusion of lead 
colours from use in the painting of public buildings; and (4) 
treatment of lead poisoning by the State Insurance Office as an 
accident entitling to compensation. 

These demands were supported by the central office of the 
Society for Promoting the Welfare of Workers, which had as 
far back as its seventh conference in 1898 occupied itself with 
the question of dangerous trades and especially, ^t its confer¬ 
ence in 1905, taken up the subject of the protection tf workers 
against industrial poisoning. 

Jn Germany these efforts resulted in tha passage of a 
number of Imperial Regulations for separate lead industries. - 

In other countries similar action Vas sat on foot. In 



LEAD POISONING 


29fi 

Austria, where the subject is of special importance in view of 
the part played by lead in the home industries, the Government 
undertook to improve the conditions iA industries attended 
with risk of lead poisoning. For this jjurpose the Statistical 
Office of the Ministry of Commerce and Labour has, since 
1904, carried out extensive inquiries into lead and zinc smelting 
works, paint and colour factories, tlic painting^and varnishing 
trades, letterpress printing, and the ceramic industry. The 
results arc contained in the volume ‘ Lead Poisoning in 
Stfiolting Works and Industries Generally ’ (published by 
Holder, Vienna). 

, As in Germany and Austria, so also in Great Britain, France, 
Switzerland, Belgium, and the Netherlands, regulations in 
various lead industries were enforued after previous official 
inquiry and rejwrt. 

A general code, however, affecting all lead industries has 
only been published in one or two states. And yet this would, 
in my opinion, be of very great practical value as it is hardly 
possible to regulate each single branch of industry. 

In Germany the llegulations dated May 20, 1903, dealing 
with lea(? colours are certainly comprehensive, but relate 
primarily to paint factorie.s, and are not, therefore, a general 
OrdiT in the sense indicated. In Saxony the decree of June 
27, 1901, made notification of lead poisoning compulsory, 
and in the subsequent decree of April 16, 1909, prescribed 
general measures against lead poisoning. In Switzerland 
single cantons have made general regulations. In France, by 
a decree dated April 23, 1908 (in pursuance of the general 
law of June 12, 1893), all industries attended with risk of 
lead poisoning were brought under Regulation. 

We gi\ '■ the provisions of this interesting decree, as it is a 
good example of the kind of Regulations we have in mind. 

Decree of i’he Presidert of the French Repubuo (April 23, 
1908) RELA'nNO to Certain Industries in which Lead 
IS usbT) 

1. In the lead industries lAfeinafter mentioned, viz. r 
, smelting, ^.upeDation of argentiferous lead, manufacture of 
accumulators, glass-making, manufacture and use of lead 
enamels, manufacture of pottery, decoration of porcelain or 
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faience, ceramic chromo-lithograpliy, manufacture of lead 
alloys, oxides, salts and colours—employers, directors or 
managers are requr-red, apart from the general measures pre¬ 
scribed by the Decree of 29 November, 1904, to take special 
measures for protection and health as set forth in the following 
sections. v 

2. Lead melting pots shall be erected in an airy place 
separated from‘the other workrooms. 

Hoods or other means for the effectual removal of fumes 
shall be provided :— 

(а) Over the openings for the run of lead and slag''in 

lead smelting. 

(б) Before the furnace doors in the mamjfacturc of 

lead oxides. 

(c) Above the pots for melting lead or its alloys, in the 
other industries enumerated in Section 1. 

.3. All work with oxides and other compounds of lead capable 
of producing dust shall be done as far as possible when in a damp 
condition. 

Whemthis woi'k cannot be done in the presence of water or 
other liquid, it shall be carried out by mechanical means, in 
covered air-tight apparatus. 

If it is impossible to conform to the requiremcilts of either 
of the first two paragraphs of this section, the work shall be 
done under a strong draught so arranged that the harfnful pro¬ 
ducts may be intercepted by apparatus suitably placed. 

Finally, if none of these systems is possible the workmen 
shall be supplied with re-spirators. 

4. Oxides and other compounds of lead, whether dry or 
damp, in suspension or solution, shall not be handled with the 
bare hand. The employer shall at his own expense provide 
the workers in these operations with cither gloves made of 
impervious material such as indiarubbor, or suitable appliances, 
and shall cause them to be kept in good repair and frequently 
cleaned. • 

6. Tables on which these products are handled shall be 
covered with some impervious material, kept in a perfectly 
water-tight condition. 

The same requirement applies the doors of thd workrooms,- 
which shall also be kept jiantj). ® 

l^e floor shall be slightly sloped towards a water-tight 
r^eptacle for collecting the lead substances which are washed 
down. 

The work shall be so arranged that thel'e shallie no snlashing. 
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The tables, floors and'wslls shall be washed at least once 
a week. 

6. Without prejudice to the rcqui?ements of section 3, the 
grinding and mixing of lead products^ and the use of them in 
dusting shall be effected in special places with active ventilation. 

If the materials cannot be (?amped, the workers shall be 
provided with respirators. 

7. Pottery shall not bo dipped with bare hands in solutions 
containing litharge, red lead, galena or white lead in suspension. 

8. No food or drink shall be brought into the works. 

9. Employers shall, at their own expense, provide and 
maintain for the use of the workers, overalls or clothing for 
use during w'ork only, in addition to gloves and respirators. 

10. In a part of the building separated from the w'orkrooms, 
there shall be provided for the use of the workers exposed to 
load dust or fumes, a cloak room and lavatory kept in good eder, 
provided with basins nr taps in sufficient number, a plentiful 
supply of water, soap and a towel for each worker replaced at 
least once a week. 

The cloak rooms shall be provided with cupboards or drawees 
with locks or padlocks, the ordinary clothing being kept apart 
from the working clothes. 

11. A warm bath or shower bath shall be provided each 
week for the workers exposed to lead dust or fumes. 

A warm bath or shower bath shall be provided every day 
after work, for each worker employed, either in emptying or 
cleaning the condensing chambers and flues, in repairing 
furnaces in lead works, in carrying lead corrosions from the 
beds in white lead factories, in packing red lead, in grinding 
lead enamels and in dry dusting. 

12. Employers are required to exhibit, in a conspicuous 
position in the works, regulations imposing on the workers the 
following obligations :— 

To use the appliances, gloves, respirators, and working 
clothes placed at their disposal. 

Not to bring into the works either food or drink. 

To pay great care, before each meal, to the cleanliness of 
the mouth, nose, and hands. 

1*0 take the baths vcekly or daily as provided in section II. 

^3. The Minister of Labour pj^y, by Order made with th?' 
advice of the Consultative Committee'for Ai'ts and. Manufac¬ 
tures, exfmpt an establishment for a specified period, from all 
or part of the retyiirements of Regs. 2*, 2'’ 2', 5'^, and 6' in any 
case where it is found that observance of tnese requirements is 
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practically impossible, and that thft health and safety of the 
workers are assured by conditions at least equivalent to those 
prescribed in the prellent Order. 

14. Subject to a^iditional postponements which may be 
granted by the Minister in pursuance of Section 6 of the Act of 
12th June, 189.3 (as amended by that of 11th July, 1903), the 
delay required for the carrying out of the alterations necessitated 
by the present Decree is limited to one year from the date of its 
publication. 

1.5. The Ministry of Labour is eharged with the administr^.- 
tion of this Decree. 

This decree was supplemented by further noteworthy 
additions requiring medical supervision in lead industries as 
follow'S : 

Deceee of Decembek 28, 1909, Oro.4ni.sino Medical 
Service in Industries Exi>o.sing the Workers to Risk 
of Lead Poisoning 

V 

1. In premises in which the processes enumerated in Regula¬ 
tion 1 of the Decree of April 23, 1908, are carried on medical 
attendance as prescribed below sliall be provided. 

2. A surgeon ajqiointed by the occupier shall examine the 
workers and enter the results of examination required in 
Regulations 3 and 4. The examinations shall be paid for by 
the occupier. 

3. No person shall be employed in work mentioned in 
Regulation 1 of the Decree of April 23,1908, without a certificate 
from the surgeon stating that he is free from symptoms of lead 
poisoning and of illness which might render him speeiafly 
susceptible. 

4. No worker shall remain at the same employment unless 
the eertifieato is renewed one month after commencement of 
employment and subsequently at quarterly intervals. 

In addition to the periodical examination the occupier shall 
give an order on the surgeon to every workman declaring himself 
to be ill from his employment or who desires to undergo 
medical examination. ^ * 

5. A special Register, open to the Factory Inspector shall bo 
kept aontaining the’ following particulars of each worker : 

4 (1) Dates and duration of absence on aecoMnt of illness 
of any kind; 

(2) Dates of medical certificates ^ W .sutSi illness, the 
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notes made' by the surgeon and the name of the 
surgeon furnishing them; 

(3) Instructions given by the* appointed surgeon in 
pursuance of Regulations ^ and 4 above. 


Lead Smelting Worlrs 

(See also pp. 122-31) 

• As the fumes in lead smelting works contain a high propor¬ 
tion of lead, all apparatus, especially furnaces and working 
doors, sjiould bo provided with efficient exhaust ventilation 
and all flues, furnaces, and other apparatus be as airtight as 
possible. Where lead dust is created exhaust ventilation 
locally applied is necessary. Two of the most important 
preventive measures are personal cleanliness and alternation of 
employment. Dust arising in the furnaces and borne along 
by the furnace gases together with arsenical fumes and dust 
must be deposited in flues or chambers. ‘ 

In view of the importance of proper instruction of smelters 
as regards the danger we quote the warning note prepared 
by the Institute for Industrial Hygiene, Frankfurt a.-M., 
wliich deserves wide circulation. 


Lead Leaflet Foit Smelters 
Ilow docs Lead Poisoning arise ? 

The danger of lead jioisoning in lead, spelter and other 
smelting premises can be avoided if due care is observed. 

Lead poisoning occurs when lead enters the system. This 
takes place by breathing dust and fume containing lead, or by 
eating and diiuking, smoking, Bnuff,.taking and tobacco chewing 
if food or tobacco is taken into the mouth with dirty hands 
and dirty face and board. 

No one is immune from lead. Lead accumulates in the • 
body of careless persons and he who is not sick to-day 
to-«iorrow or after wecES or-months. 

> , 

How can Plumbism be avoided ? 

All smelters must observe cleanliness. _ In this respect they 
should s^ to the* following points : 
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1. It is to their interest to see tiiat the exhaust ventilation 
is kept in order and that the Special Rules or Regulations are 
exactly followed, rurther, special clothing should he worn, 
the mouth and nose s^iould be covered, and the floors sprinkled. 

2. It is especially important that in intervals and at the 
close of work the mouth'; face, beard, and hands should be 
carefully cleaned. Food should not be eaten or the premises 
left without putting on fresh clothes and thoroughly washing 
or, still better, bathing. Wlien drinking, the edge of the 
drinking glass should not be fingered with dirty hands. 
Especially important is it that the teeth should be cleaned 
and the mouth washed out. 

3. During work smoking, snuff taking, and tnbacc' 0 <r‘hewing, 
which invariably convey lead into the mouth, should be given 
up, as it is impossible to prevent the hands getting contami¬ 
nated with lead. Lighting the pipe with glowing lead ashes 
is in till! highest degree dangerous from the risk of inhaling 
lead fume. The body must bo strengthened to withstand the 
action of lead. Moderation in drinking, especially avoidance 

, of spirits, Sliould be observed. Alcoholic subjects succumb to 
load poisoning much more readily than the temperate. 

Food should be abundant and rich in fat, for example milk 
and bacon. Thick soups arc excellent before work. Work 
should never be, begun on an empty stomach. And l^tly as 
much fresh air a.s possible. Walking, atlilctics, work in the 
garden and field will help to keep off many an attack. If 
anyone thinks that he is suffering from lead poisoning he should 
at once in hi.s own and his family’s interest see the doctor of his 
sick club. 

The following are the 

GBEMAN ImI’ERI.AL RlSGTJnATIONS FOE IjBAD SMBUTINa WOKKS, 
DATED June 1G, 1906 

General Regulations 

1. Workrooms in w'hich lead ores are roasted, sintered, or 
smelted, pig lead produced and submitted to further treatment, 
distillation of rich lead (bullion cujjellation) lithargd, red lead, 
or other oxides of lead prepared, ground or sieved, stored or 
packed^ or zinc skimmings distilled, shall be roomy, high, and 
so ganged that a sufficient constant exchange \)f air takes 
place. They shall be provided with a level and sohd floor to 
allow of easy removal of dust by a moist method. «• 
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The walls shall be'Smooth so as to prevent collection of 
dust; they shall be cither washed down or lime washed at least 
once a year. ^ 

Provided that this shall not apply in the ease of calcining 
sheds with wooden walls. ' 

2. An abundant supply of good drinking water, protected 
against contamination from dust, shall be provided for the 
workers on the furnaces and smelting pots, and in such close 
proximity to them, that they can obtain it at any time without 
having to go into the 02 )cn air. 

Arrangements for .sprinkling the floors shall be provided 
near the furnaces. The floors of the rooms mentioned in 
par'agraifli 1 shall be wet cleansed at least once daily. 

3. Prepared (i.e. concentrated) lead ores and leady smelting 
products, unless moist, shall r.ot be crushed except in an 
apparatus so arranged as to prevent as far as possible penetration 
of dust into the workrooms. 

Pr’ovided that this shall not ajrply to calcined material from 
converters. 

Sacks in which lead (jres and materials contusing lead ha^’e 
been jracked shall not be freed from dust and eleaned except 
in a dust-yuoof appar atus or by washing. 

4. *Material8 containing lead for charging the blast-furnaces, 
if they aJ'e oxides and form dust, shall be damped before they 
nre mixed with other materials, stocked on the feeding floor, or 
charged into the blast-furnaces. 

Provided that this .shall not apply in the case of calcined 
material from converters. 

5. Dust, gases, and lead fumes, escaping from furnaces, and 
converters, tapping spouts, tapping pots, drain sump, slag pots, 
slag oars, or slag channels, and from glowing rc.sidues taken from 
the furnaces, shall be caught as near as possible to the point of 
origin and removed harmlessly. 

Du,st collecting chambers, flues, as w'ell as furnaces which 
have been ‘ blown down,’ shall nOt be entered by workmen 
unless sufficiently cooled and ventilated. 


Specidl Regulations for such -parts of a factory where lead colours 
* are prepar^ 

6. Ii* grinding, sieving amd packing dry leady mateuials, in 
charging, and emptying litharge and red lead furnaces, in 
collectiaj^ the rdfl lead and similar operations in which leady 
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dust is developed, exhaust arrangements shall be provided for 
preventing the entrance of dust into the workrooms. 

7. Apparatus producing leady dust, if their construction and 
manner of use does not effectually prevent evolution of dust, shall 
have all cracks protected by thick layers of felt or woollen 
material, or by similar mdans, so as to prevent the entrance of 
dust into the workrooms. 

Apparatus'of this character shall be provided with arrange¬ 
ments for preventing compression of air in them. They shall 
only be opened when the dust in them shall have completely 
settled, and they are absolutely cool. 


c 

SpRcial arrangements in force for the distillation of zinc shimmings 

8. Proposed now furnaces for the distillation of zinc 
skimmings (for wliieh according to pars. 16 and 26 of the Indus¬ 
trial Code a special permission is required) shall be so arranged 
that (1) there shall bo at least a clear space of 10 feet in front 
of the charging opening ; (2) any passages under the distillation 
looms shall be roomy, at least 11J feet high in the centre, light 
and airy. 

9. Dust, gases, and fumes arising from the zinc skimmings 
distillation furnaces shall be eolleetcd as near as possible to the 
point of origin, and carried outside the smelting room. , 

The entrance of gases from the fires into the smelting room 
shall be prevented as far as possible by suitable arrangements 
for drawing them off. 

10. Sieving and packing of by-products obtained in the 
distillation of zinc skimmings (poussiere, flue dust) shall not be 
done except in a special room separated from the other work¬ 
rooms, and complying with the requirements of Reg. 1. 

Sieving shall only bo done in an apparatus so constructed 
that dust shall not escape. 

« 

Employment of workers. 

11. Women and young persons shall not be employed or 

permitted in rooms mentioned in Reg. 1, in flue dust'chambers, 
or dust flues, or in the removal bf flue dust. * 

12.,No person shall be newly employed in rooms mentioned 
in !^eg. 1, in flue dust chambers, or dust flues, or in the transport 
of flue dust, without a certificate of ‘fitness ffam t,he surgeon 
appointed by the*nigher authorities. 
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These certificates slir ll be collected and shown to the Factory 
Inspector and Appointed Surgeon on request. 

13. No person shall be employed ineoharging blast furnaces, 
apart from mere labouring work on the floors, for more than 
eight hours daily. The same shall appfy in the case of workmen 
employed in the inside of furnaces -when cool, or in emptying flue 
dust chambers, or dust flues which contain wot flue dust. 

No person shall be employed in cleaning "out, from inside, 
flue dust chambers, or dust flues containing dry flue dust for 
more than four hours daily ; and including emptying and work. 
of transport of this kind altogether no longer than eight hours 
daily. 

Other -workers in rooms specified in Eeg. 1 shall not work 
more than 10 hours in 24, exclusive of mealtimes. 

Exception to this is allowed in the case of those workers who 
arc employed for the purpose of a weekly change of shift, and for 
whom exception as to Sunday employment is permitted by 
Imperial Decree. 


Clothing, overalls, lavatory accommodation, d:c. 

14. The occupier shall provide for all persons employed in 
oleanii!g out flue dust chambers, dust flues, repairing of cooled 
furnaces, grinding, sieving and packing of litharge, red lead, or 
other lead colours, complete suits of working clothes, including 
caps and respirators. 

15. Work with lead salts in solution shall not be done except 
by workers who either grease their hands or ai'c provided with 
impermeable gloves. 

16. Tile suit of clothes, or overalls, provided in Regs. 14 
and 15, respirators and gloves, shall be provided in sufficient 
amount and in proper condition. The occupier shall see that 
they are alw'ays suitable for their purpose, and are not worn 
except by those workers for whom they are intended ; and that 
they, at stated intervals (the overalk at least onee a week, the 
respirators and gloves prior to use), are cleaned, and during the 
time that they are not in use are kept in a place specially reserved 
for each article. 

17. A lavatory and cloak room shall be provided for the use 
of tlio workmen in a part of the building free from dust. Separate 
from it there shall be a dining-room. These rooms mu|t be kept 
free from dust and be warmed during the winter. 

In a suitable place provision shall be made for warming the 
workers’ fqpd. * ' 
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Water, soap, and towels, and r arrangements for keeping 
separate the overalls from other elothing taken off before the 
eommeneement of work shall be provided in sufficient amount in 
the lavatory and cloak room. 

The occupier shall afford opportunity for persons engaged 
in cleaning out flue dust‘f'hambers, dust flues; and the cooled 
furnaces, to take a bath daily after the end of the work, and for 
those handling r.'xidcs of lead, at least once a week, during 
woiking houis inside the works. The bathroom shall be 
warmed during the winter. 

18. The oc^cupier shall place the supervision of the health bf 
the workers in the hands of a surgeon, appointed by the higher 
authorities for this purpose, whose name shall be sent to the 
Inspector of Factories. The surgeon shall examine the workers 
at least once a month in the factory, with a view to the detection 
of symptoms of lead poisoning. 

Tlic occupier shall not employ persons suspected by the 
surgeon of having contrac.ted lead poisoning in the processes 
mentioned in Reg. 1 or in cleaning out flue, dust chambers, dust 
flues, or fuirnaces when cold, or transport of the flue dust, until 
they are quite well. Tliose who appear peculiarly susceptible 
shall be permanently suspended from working in these proeesses. 

19. The Health Register shall be shown to the Factory 
Inspector and Appointed Surgeon on demand. (Similar to 
Reg. 1.5 of Spelter Regulations.) 

20. The occupier shall require the workers to subscribe to the 
following conditions :— 

(1) Food must not be taken into the workrooms. , 

Meals may only be taken outside the workrooms. 

(2) Workmen must only enter the meal room to take 

their meals or leave the factory, after they have 
taken off their overalls and carefully washed their 
face and hands. 

(3) Workmen must use the overalls, respirators and 

gloves in those workrooms and for the particular 
processes for which they are given them. 

(4) Cigar and cigarette smoking during work is forbidden. 

(5) A bath in the factory must be taken every day at 

the close of their wo;fk by those engaged in the 
emptying and^cle^ning of flue dust chambers, flues, 
and furnaces when cold, and by those employed on 
oxides of lead once a week. « 

Provided that this shall not apply in the cose of workmen’ 
exempted by th^ appointed surgeon. 
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Workers contravening these orders will bfe liable to dismissal 
without further notice. ^ 

21. In every workroom, as weU as in the cloak room and meal 
room, there shall be posted up by the oc8upicr, in a conspicuous 
place and in clear characters, a notice of these regulations. 

The occupier is responsible for seeing that the requirement of 
Reg. 20 (1) is obeyed. He shall make a manager or foreman 
responsible for the })rccise carrying out cl Reg. 20 (1) (2) and (5). 
Tlie person thus made responsible shall see "to the carrying out 
of tlu! regulations and for tlie exercise of necessary care as 
• prescribed in par. 151 of the factory Act. 

22. No work in a lead smelting works shall be commenced 
until notice of its erection has been sent to the l^actory Inspector. 

•After ^(‘(teipt of the notice he shall personally visit to see whether 
the arrangements are in accordance with these regulations. 

23. These regulations come into force on 1st January, 1906. 

Where structural alterations arc ncce.ssary for the carrying 

out of Regs. 1, 5 (1), 6, 9, 10 and 17, the higher authorities may 
allow an extension of time to a date not later than January 1st, 
1908. 

If it seems necessary on strong grounds of public interest, the' 
Council (Bundesralli) may extend the time in particular works 
until Ist) January, 1913, and until then allow exceptions from the 
regulations as regards Reg. 13 (1) and (2). 


Acciuimlator Factories 

[Dr. Rambousek gives a very brief synopsis of the German 
Imperial Regulations in force for this industry and mentions 
that in Great Britain the Regulations of the Secret ary of State 
dated 1903 are similar. We have printed these, as the code is 
fairly representative of the Enghsh Regulations for (1) smelting 
of metals ; (2) paints and colours ; (3) tinning of hollow ware ; 
(4) yarn dyed with chromate of lead ; (6) vitreous enamelling ; 
and the special rules for (6) white lead and (7) earthenware : 

Reuhlations dated November 21, 1903, made by the 
Secretary of State for the Manufacture of Electric 

CCUMULATOES 

Whereas the manufacture of electric ^accumulators has been 
certified iiipursuance of Section 79 of the Factory and Workshop 
Act, 1901, to be dangerous ; 


X 
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PREVENTIVE MEASURES 


I hereby, in pursuance of the powers conferred on me by that 
Act, make the following regulations, and direct that they shall 
apply to all faotorjes and workshops or parts thereof in which 
electric accumulators are manufactured. 

Definitions. —In' these Regulations ‘ lead process ’ means 
pasting, casting, lead burning, or any work involving contact 
with dry compounds of lead. 

Any approval given by the Chief Inspector of Eactories in 
pursuance of these Regulations shall be given in writing, and 
may at any time be revoked by notice in writing signed by him. 


Duties of Oempier 

1. Ventilation. —Every room in which casting, pasting or 
lead burning is carried on shall eontaiii at least 500 cubic feet of 
air space for each person employed therein, and in computing 
this air space, no height above 14 feet shall be taken into account. 

Those rooms and that in which the plates are formed shall 
be capable of through ventilation. They shall be provided with 
windows made to open. 

2. Separation of processes. —Each of the foUowing processes 
shall be carried on in such manner and under such conditions as 
to secure effectual separation from one another arid from any 
other process : 

(o) Manipulation of dry compounds of lead ; 

(6) Pasting; 

(c) Eormation, and lead burning necessarily carried on 
therewith; 

(d.) Melting down of old plates. 

Provided that manipulation of dry compounds of lead carried 
on as in Regulation 5 (6) need not be separated from pasting. 

3. Floors. —The floors of the rooms in which manipulation of 
dry compounds of lead or pasting is carried on shall be of cement 
or similar impervious material, and shall bo kept constantly 
moist while work is being done. 

The floors of these rooms shall be washed with a hose pipe 
daily. 

4. Melting pots. —Every melting pot shall be covered with a 
hood and shaft so arranged as to remove the fumea and hot {ur 
from the workrooms. 

Lead ashes and old plates shall be kept in receptacles 
especially provided for the purpose. 

5. Manipulation of dry compouiids of lead. —Manipulation of 
dry compoundSs of lead in the mixing'of the, paste or other 



LEAD POISONING 


307 


processes, shall not be dene except (o) in an apparatus so closed, 
or so arranged with an exhaust draught, as to prevent the escape 
of dust into the work room : cr (6) at a bench provided with (1) 
efficient exhaust draught and air guide so arranged as to draw 
the dust away from the worker, aixd (2) a grating on which each 
receptacle of the compound of lead in use at the time shall stand. 

6. Covering of benches. —The benches at which pasting is done 
shall be covered with sheet lead or other ixiipervious material, 
and shall have raised edges. 

7. Prohibition of employment. —No woman, young person, or 
child .shall be employed in the manipulation of dry compounds 
of lead or in pasting. 

8. tifl) Appointed Surgeon.—A duly qualified medical practi¬ 
tioner (in these Regulations referred to a,s the ‘ Appointed 
Surgeon’) who may be the Certifjbig Surgeon,shall be appointed 
by the occupier, such appointment unless held by the Certifying 
Surgeon to be subject to the approval of the Chief Inspector of 
Factories. 

(6) Medical examination. —Every peivson employed in a load 
process shall be examined once a month by the Appointed 
Surgeon, who shall have pow'er to suspend from employment in 
any lead process. 

(c) *No person after such suspension shall be employed in a 
lead process without written sanction entered in the Health 
Register by the Appointed Surgeon. It shall be sufficient com¬ 
pliance with this regulation for a w’fittcn certificate to be given 
by the Appointed Surgeon and attached to the Health Register, 
such certificate to be replaced by a proper entry in the Health 
Register at the Appointed Surgeon’s next visit. 

{d) Health Register. —A Health Register in a form approved 
by the Chief Inspector of Factories shall be kept, and shall con¬ 
tain a list of all persons employed in lead processes. The 
Appointed Surgeon will enter in the Health Register the dates 
and results of his examinations of the persons employed and 
particulars of any directions given' by him. He shall on a 
prescribed form furnish to the Chief Inspector of Factories on the 
1st day of January in ea ch year a list of the persons suspended by 
him during the previous year, the cause and duration of such 
suspen^on, and the number of examinations made. 

The Health Register shah be produced at any time when*' 
required by H.M..Inspectors of Factories or by the Certifying 
Surgeon dc by the Appointed Surgeon. 

9. (IveraWs.—;OveraIl8 shall be provided for aU persons 
employed'in manipulating dry compounds o? lead or in,pasting. 
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The overalls shall be washed or jenewed once every week. 

10. Cloak and dining rooms. —The occupier shall provide and 

maintain: • 

(а) a cloak room in which workers can deposit clothing put 
off during' working hours. Separate and suitable 
arrangements sllkll bo made for the storage of the 
overalls required in Regulation 9. 

(б) a dining'roora unless the factory is closed during meal 

hours. 

11. Food, dkc .—Mo person shall be allowed to introduce, 
keep, prepare or partake of any food, drink, or tobacco, in any 
room in which a lead process is cai-ried on. Suitable provision 
shall be made for the deposit of food brought by the workers., 

This regulation shall not apply to any sanitary drink provided 
by the occupier and approved by the Appointed Surgeon. 

12. Washing. —The occupier shall provide and maintain for 
the use of the persons employed in lead processes a lavatory, with 
soap, nail brushes, towels, and at least one lavatory basin for 
every five such persons. Each such hasin shall be provided with 
a waste i)<pc, or the basins shall bo placed on a trough fitted with 
a waste, pipe. There shall be a constant supply of hot and cold 
water laid on to each basin. 

Or, in the place of basins the occupier shall provide and 
maintain troughs of enamel or similar smooth impervious 
material, in good repair, of a total length of two feet lor every 
five persons employed, fitted with waste pipes, and without 
plugs, with a sufficient supply of warm water constantly 
available. , 

The lavatory shall be kept thoroughly cleansed and shall be 
supplied with a sufficient quantity of clean towels once every 
day. 

13. Before each meal and before the end of the day’s work, 
at least ten minutes, in addition to the regular meal times, shall 
be allowed for washing to each person who has been employed in 
the manipulation of dry compounds of lead or in pasting. 

Provided that if the lavatory accommodation specially 
reserved for such persons exceeds that required by Regulation 12, 
the time allowance may be proportionately reduced, and that if, 
there be one basin or two feet of trough for cach'such person 
this Regulation shall nqt APply- * 

hi. Baths .—Sufficient bath accommodation shall be provided 
fqr all persons engaged in the manipulation of dry compounds 
of lead or in pasting, with hot and cold water laid on, and a 
sufficient supply of soap and towels. 
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T]iis rule shall not apply if in consideration of tlie special 
•circumstances of any particular case, the Chief Inspector of 
Factories approves the use of local pfiblic baths when con¬ 
veniently near, under the conditions ^'f any) named in such 
approval. 

15. Cleaning .—The floors and benches of each workroom 
shall be thoroughly cleansed daily, at a time when no other work 
is being carried on in the room. 


Duties of Persons Employed 

KS.fMedical examination .—All per.sor.a employed in lead 
processes shall present themselves at the ajjpointed times for 
examination by the Aj)j)ointe(l Surgeon as provided in 
Regulation 8. 

No person after suspension shall work in a lead process, in 
any factory or workshop in which electric accumulators arc 
manufactured, without written sanction entered in the Health 
Register by the Appointed Surgeon. : 

17. Overalls .—Every person employed in the manipulation 
of dry compounds of lead or in pasting shall wear the overalls 
provide® under Regulation 9. The overalls, when not being 
worn, and clothing jiut off during working hours, shall be 
denobited in the places provided under Regulation 10. 

18. Food, &e .-—No person shall introduce, keep, prepare, or 
partake of any food, drink (other than any sanitary drink pro¬ 
vided by the oeeupier and approved by the Appointed Surgeon), 
or tobacco in any room in which a lead process is carried on. 

19. Washing .—No person employed in a lead process shall 
leave the premises or partake of meals without previously and 
carefully cleaning and washing the hands. 

20. Baths .—Every person employed in the manipulation of 

dry compounds of lead or in pasting shall take a bath at least 
once a week. •“ 

21. Interference imth safety appliances .—No person shall in 

any way interfere, without the concurrenee of the oeeupier or 
manager, with the means and appliances provided for the 
removal «f the dust or fupies, and for the carrying out of these 
Regulations. ' 

These Regulations shall come into fotce on the 1st (Jay of 
January, 1904.] 
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White Lead 

(See,also pp. 131 and 132) 

In the manufacture of white lead processes which create 
dust are specially dangerous, namely, empt}nng the corrosion 
chambers, drying and grinding, transport of the material 
in the form of poydor, and packing. The following measures 
are called for: empt}nng the chambers should only be 
done by men wearing respirators or equipped with breathing 
helmets after preliminary damping of the corrosions by meaka 
of a spray. Use of a vacuum cleaning apparatus suggests 
itself. Drying should be done as far as possible jn stoves 
charged mechanically, the temperature in which can be watched 
from the outside; grinding must be done in closed and ventilated 
mills; transport of the dried material .should be effected by 
mechanical means or vacuum apparatus, and packing should 
be done in mechanical packing machines. Further, cleanliness 
and strict discipline arc es.sential. Alternation of employment 
is advisable. The question of substitutes for white lead is 
referred to on p. 293. 

Manufacture of red lead calls for precisely sknilar pre¬ 
ventive measures. Charging and emptying the oxidising 
furnaces should be done under efficient exhau.«t ventilation. 
Conveyance, sifting, and grinding of the cooled material 
requires to be done in the same way as has been described for 
white lead. 

In the production of chrome colours (lead chromates) 
besides the danger from lead the injurious action of chrome has 
to be borne in mind. 

Regulations for white lead factories have been made in 
Germany, Belgium, and Great Britain. We give below the 
German Imperial Regulations dated May 26,1903. 

Reqtjiations for Manufacture of Lead Colours and 
Lead Products 

(1) The following regulationf apply to all 'premises In 
I which lead colours or qtker chemical lead products (wiiite lead, 
chromate of lead, ’’masicot, litharge, minium, peroxide of lead, 
Oasel yellow, English yellow, Naples yellow, lekd iodide, lead 
acetate, &c., arf manufactured), or in which mixtures of lead are 
prepared a,s the principal or as a subsidiary business. They 
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shall not apply to lead Sinelting works, oven though processes 
flamed in paragraph (1) are carried on. 

Neither shall they apply to workplaces hi which manufactured 
colours are intimately mixed or ground in oil or varnish in 
connection with another industry. 

(2) The workrooms in which the materials mentioned in 
paragraph 1 are prepared or packed shall be roomy, lofty, and 
so arranged that sufficient and constant exchange of air can take 
place. 

• They shall he provided with a solid and smooth floor 
permitting of easy removal of dust by a moist method. The 
floor, unless for purposes of manufacture, shall he kept oon- 
«tantly*wet, and shall be wet cleansed at least once daily. 

The walls, when not of a smooth washable surface or 
painted with oil, shall be whitowasnod at least once a year. 

(3) The entrance of lead dust, or fumes, into the workrooms 
shall be prevented by suitable moans as far as possible. Rooms 
which cannot be thus protected must be so separated from other 
rooms that neither dust nor fumes can enter them. 

(4) Lead melting pots shall be covered with a hood and shaft 
communicating directly or by a chimney with the open air. 

(8) Grinding, sieving, and packing dry lead compounds, 
emptying litharge and minium furnaces, and other opo-ations in 
which lead dust is generated, shall not be done except under 
an exhaust draught, or other efficient moans for preventing the 
entrance of dust into the workrooms. 

In'the packing of colours containing only a little lead, in 
small amounts, or in small packages for retail purposes, exception 
to these regulations can bo allowed by the higher authorities. 

(9) Machines generating load dust and not efficiently pro¬ 
tected by their construction or method of use against the escape 
of dust, shall have all cracks occluded by means of thick layers 
of felt or similar material, so as to prevent the entrance of dust 
into the workrooms. 

Machines of this kind shall be provided with arrangements 
preventing pressure of the air inside. They shall not be opened 
until they are cool, and until the dust generated has settled. 

(10) Women shall not be employed in factories in which the 
colours specified in paragraph fl) are prepared except in work 
which does not expose them to the viction of lead dust or fumes. 
Young persons shall not be emifloyed nor be allcrtved, on 
the premiss in factories concerned exclusively or in great 

* Begultttioi 9,5-7 contain prooautions to be obsetved in the corroding 
- chambera. 
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part with the preparation of fead colours or other lead 
compounds. 

(11) No person''shall bo oinployed in rooms where the 
processes specified i^ paragraph (1) are carried on who is not 
provided with a certificate from a qualified surgeon stating that 
he is phyai(^ally fit and /ree from disoa.se of the lungs, kidneys, 
and stomach, and that he is not addicted to alcohol. This 
certificate shall *ne kept and produced on demand to the Factory 
Inspector or Appointed Surgeon. 

(12) No person shall be emj)loyed in packing lead colourSkOr 
mi-vturcs containing lead or other lead compounds in a dry state, 
or with the coopering of the filled ca,sks for more than eight hours 
daily. This regulation shall not apply where thb ))aeking 
machines are provided with efTeetual exhaust arrangements, 
or iSO eonstructed and used as ctfeetually to prevent the escape 
of dust. 

No person under 18 years of age .shall be employed in the 
process mentioned in the above paragraph, but excc])tion can 
be allowed in the packing of colours containing lead in small 
amount, or in small packages for retail purposes, on application 
to the higher authorities. 

For the re.st., no person coming into contact with Jpad or lead 
compounds shall be employed for more than 10 hour.s within the 
space of 24 hoars. 

(13) The occupier shall provide overalls and head-coverings 
for all persons coming into contact with load or lead eom- 
pound.s, and .suitable footwear for those emptying the oxidising 
chambers. 

(14) The occupier .shall not allow work involving exposure 
to dust to be perfoi’incd except by workers provided with 
respirators or moist sponges covering the nose and mouth. 

(15) The occupier shall not allow w'ork involving eontaot. 
with soluble salts of lead to be done except by workers provided 
with waterproof gloves or by those whose hands have previously 
been smeared with vasehne. 

(16) The occupier shall provide the overalls, respirators, &c., 
mentioned in paragi'aphs (13) (14) and (15) for each one of the 
workers in sufficient number and in good conditiop. He shall 
take care that they are used ^nly by the workers to wljom they 
are severally assigned, «and that in the intervals of work and 
duriitg the time wton they are not in use they shall be kept in 
tlfeir appointed place. Overalls shall be washed every week, 
and the respira^ ore, sponges, and gloves,before each time that 
tbev are used 
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(17) Lavatories and cloak rooms, and, separate from these,' 
a mess room, shall be provided for the workers coming into ' 
contact with lead or lead compounds in a part of the works free 
from dust. These rooms shall be kept in a cleanly condition, 
free from dust, and shall be hcat»d during the cold seasons. In 
the meal room or in some other suitable place there shall be 
means for warming food. The lavator'e^' and cloak rooms shall 
be provided with water, ve.sscls for rinsing' the mouth, nail 
brushes for cleaning the hands and nails, soap, and towels. 
Airangcments shall also be made for keeping sejrarate clothes 
worn during work from these taken off before the. commencement 
of work. 'Pile occupier shall give facilities for all persons 
emplbycd in emptying the o.vidizing chambers to have a warm 
bath daily after the end of the work, and for those persons 
coming into contact vifh lead or icad com))ounds, twice weekly. 
'Phe time for this sli.all be during the hours of work, and in the 
cold season the bath room, uhich must be on the factory premises, 
shall be heated. 

(18) 'The occupier .shall ajipoint a duly qualified medical 
practitioner, whose name shall be sent to the Inspector cf 
Factories and to the Health Authority. He shall examine the 
workqfs at least twice every month with a view to the 
detection of symptoms of lead poisoning. The occ'ipicr shall 
not employ workers suspected of syrnjrfoms of lead poisoning 
ia occupations exposing them to lead or lead comjrounds until 
they have completely I’ecovercd. Those who appear peculiarly 
susceptible shall be suspended permanently from work. 

(19) The occupier shall keep a book, or make some official 
responsible for its keeping, recording any change in the personnel 
employed in lead or lead compounds and ns to their state of 
health. Ho shall be responsible for the completeness and 
correctness of the entries except those made by the surgeon. 

The ^•<‘.maining regulations as to entries in the Health 
Register, &c., are similar to those already given in the 
Regulations for lead smelting works on p. 300. 


Use oi I?ad Colours 

(tSee also pp. 132-4) 

As explained on pp. " 132-1.34 use of lead in the painting and 
varnishing trades frequently causes lead jfbisoning. This hfis 
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ied to regulations in various countries having for their object 
partly hygienic measures and partly also limitation of colours 
containing lead, such aS prohibition of the use of lead paints in 
the interior of buildingi^^ or in the painting of public buildings 
and of ships, &c. , 

The details of such regulations are seen in the German 
Imperial Regulations dated June 27, 1905 : 


Ordee op tub Imperial Chancellor relatino to th# 
Processes of 1’ainting, Distemperino, Whitewashing, 
Plastering, or Varnishing. June 27, 1906 . , 

*■ e 

I.— Regulations for carrying on the. Industries of Painting, Dis¬ 
tempering, Whitewasliing, Plastering, or Varnishing. 

Regulation 1.—In the processes of crushing, blending, 
mixing, and otherwise preparing white lead, other lead colours, 
or mixture^ thereof witli otlier substances in a dry state, the 
workers shall not dircctly handle pigment containing lead, 
and shall bo adequately protected against the dust arising 
therefrom. *■ 

Regulation 2. —The process of grinding white lead with oil or 
varnish shall not be done by hand, but entirely by mechanical 
means, and in vessels so construcdcd that even in the process of 
charging them with white lead no dust shall escape into places 
where work is earned on. 

This provision shah apply to other lead colours. Provided 
that such lead colours may be ground by hand by male workers 
over 18 years of age, if not more than one kilogram of red lead 
and 100 grains of other lead colours are ground by any one 
worker on one day. 

Regulation 3.—The processes of rubbing-down and pumice- 
stoning dry coats of oil-crlour or stopping not clearly free from 
lead shah not be done except after damping. 

All debris produced by rubbing down and pumice-stoning 
shall be removed before it becomes dry. 

Regulation 4.—The employer shall sec that every worker who., 
.* handles lead colours or mixturfs thereof is provided with, and 
wears, ^uring working hours, a painter’s overall or other com¬ 
plete suit of working clothes. c 

Ae^gulatim 5.—There shall be providfed for aU workers engaged 
in processes of paiflting, distempering, whitewashing, plastering, 
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or varnishing, in which ’ 3ad colours are used, washing utensils, 
nail brushes, soap and towels. If such processes are carried on 
in a new building or in a workshop, precision shall be made for 
the workers to wash in a place protected from frost, and to store 
their clothing in a clean place. 

Ee-gulation 6.—The employer' shall inform workers, who 
handle lead colours or mixtures thereof .rtf the danger to health 
to which they are exposed, and shall hanti them, at the com¬ 
mencement of employment, a copy of the accompanying leaflet 
(not printed with this edition), if they are not already provided 
with it, and also a copy of these Regulations. 


II.—Rcgvlaiionfi for the Processes of Fainting, Distempering, 
Whitewashing, Plastering, or Varnishing when carried on 
in connection with another Industry. 

Regulation 7.—The provisions of paragraph 6 shall apply to 
the employment of workers connected with another industry 
who are constantly or principally employed in th,e processes of 
painting, distempering, whitewashing, plastering, or varnishing, 
and who use, otherwise than occasionally, lead colours or 
mixtufes thereof. The provisions of paragraphs 8-11 shall also 
apply if such employment is carried on in a factory or ship¬ 
building yard. 

Regulation 8.—Special accommodation for washing and for 
dressing shall be provided for the workers, which siceommoda- 
tion shall bo kept clean, heated in cold weather, and furnished 
with conveniences for the storage of clothing. 

Regulation 9.—The employer shall issue rcgidations which 
shall be binding on the workers, and shall contain the following 
provisions for such workers as handle lead colour and mixtures 
thereof• 

1. Workers shall not (onsume spints in any place where work 

is carried on. 

2. Workers shall not partake of food or drink, or leave the 

place of employment until they have put off their 
• working clothes and carefully washed their hands. 

d. Workers, when engaged in processes specified by th# 
employer, shall wear working clothes. 

4. Snaoking cigars and cigarettes is prohibited during work. 

Rurtli#rmore,*it shall bo set forth in’the regu'lations that 
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workers who, in spite of reiterated warning, contravene the 
foregoing provisions may he dismissed before the expiration of 
their contract without notice. If a node of regulations has been 
issued for the industry (par. 134a of the G.O.) the above indicated 
provisions shall be incorporated in the said code. 

Regulation 10.—The efnployer shall entrust the supervision 
of the workers’ health to a duly qualified medical man approved 
of by the public iiuthority, and notified to the factory inspector 
(par. 139b of tlie G.O.),andthe said medical man shall examine 
the workers once at least in every six months for symptom^ 
indicative of plumbisra. 

The employer shall not permit any worker who is suffering 
from ])lumbism or who, in the opinion of the doctor, is tfuspeet^ 
of plumbism, to be employed in any work in which he has to 
handle lead colours or mixtures thereof, until he has com¬ 
pletely recovered. 

Regulation 11.—Tlie employer shall keep or shall cause to be 
kept a register in which shall bo recorded the state of health of 
the workers, and also the constitution of and changes in the staff ; 
and he shdil be re.spon,siblc for the entries being complete and 
accurate, except in so far as they are affected by the medical 
man. 

Then follow the regulations as to entrie.s in the Register, 
as to w’hich see the Regulations as to lead smelting Works, 
p. 300. 


Type Founding and Compositors’ Work 

(See also pp. 138 and 139) 

Fume.s which may carry up lead dust are generated in the 
casting of letters. Dust arises also in setting the type. General 
hygienic measures are especially called for such as healthy 
conditions in the workroams. Much can be done by exhaust 
ventilation locally applied to the type cases and to letter (mono- 
and linotype) casting machines. Vacuum cleaning of printing 
workshops and type cases is strongly advised. ^ 

j As some lead poisoning in prjpting works is attributable to 
lead colours or bronze powdet containing lead their use should 
be limited'as much as possible. , 

The* German Imperial Regulations for printing works and 
type foundries are a^ follows • 
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Order of the Federal Council of “July 31st, 1897! 

RBOULATiNo Letterpress Printino Works and Type' 

Foundries, in pursuance of ^Section 120e of the 

Industrial Code 

I. In rooms in whioli persons are employed in setting up 
type or manufacture of type or stereotype plates the following 
provisions apply : ■ ^ 

1. The floor of workrooms shall not be more than a half a 

meter (1-64 feet) below the ground. Exceptions may 
only be granted by tlie higher administrative authority 
where hygienic conditions are secured by a dry area, and 
ample means of lighting and ventilating the rooms. 

Attics may only be u.sed as workrooms if tlie roof is pro¬ 
vided with a lathe and plaster ceiling. 

2. In workrooms in wliieh the manufacture of type or 

stereotype plate,s is carried on, the number of persons 
shall not exceed such as would allow at least fifteen 
cubic meters of ah’ space (529’5 cubic feet) to each. In 
the rooms in wliich persons are employed only in other 
processes, tlierc shall be at least twelve cubic meters of 
air space (423’6 cubic feet) to each person. 

in cases of exceptional temporary pressure the higher 
administrative authority may, on the applic..tion of the 
employer, permit a larger number in the workrooms, for 
at the most 30 days in the year, but not more than will 
allow ton cubic meters of air space (353 cubic feet) 
for each person. 

3. The rooms shall be at least 2’60 meters (8'5 feet) in 

height where a minimum of fifteen cubic meters are 
allowed for each person, in other cases at least 3 meters 
(9’84 feet) in height. 

The rooms shall be provided with windows which are 
sufficient in number and size to let in ample light for 
evei'y part of the work. The windows shall bo so con¬ 
structed that they will open and admit of complete 
renewal of air in workrooms. Workrooms with sloping 
roof shall have an average height equal to the 
(measurements given in the first paragraph of this 
section. 

ihe rooms shall be laid witlc dose fitting impervious floor,. 
•which can he cleared of dust by moist methods.* Wooden 
floors shall be smoothly planed, and boards fitted to 
Dreveut penetration of moisture. 
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All walls and ceilings shall, jf they are not of a smooth 
washable surface or painted in oil, be limewashed once 
at least a y^iar. If the walls and ceilings are of a smooth 
washable surface or painted in oil, they shall be washed 
at least oncA a year, and the oil paint must, if varnished, 
bo renewed onoe'in ten years, and if not varnished once 
in five years. 

The compositors’ shelves and stands for typo boxes shall 
bo either closely ranged round the room on the floor, so 
that no dust can collect underneath, or be fitted with 
legs, so that the floor can be easily cleaned of dust 
underneath. 

5. The workrooms shall be cleared and thoroughlytairod opce 

at least a day, and during the working hours means shall 
be taken to secure constant ventilation. 

6. The molting vessel for tyjie or stereotype metal shall be 

covered with a hood connected to an exhaust ventilator 
or cliimncy with suflicient draught to draw the fumes 
to the outer air. 

Type founding and melting may only be carried on in 
rooms separate from other processes. 

7. The rooms and fittings, particularly the walls, cornices, 

and stands for type, shall be thoroughly cleansed twice a 
year at least. The floors shall be washed or rubbed over 
with a damp cloth, so as to remove dust once a day at 
least. 

8. The type boxes shall be cleansed before they are put in use, 

and again as often as necessary, but not less than twice„ 
at least in the year. 

The boxes may only be dusted out with a bellows in the 
open air, and this work may not be done by young 
persons. 

9. In every workroom spittoons filled with water and one at 

least for every five persons shall be provided. Workers 
are forbidden to spit upon the floor. 

10. Suflicient washing appliances, with soap and at least one 

towel a week for each worker, shall be provided as near 
as possible to the work for compositors, cutters, and 
polishers. ' ' 

One wash-hand bpsin shall be provided for every five 
workers, fitted with an ample supply of water. 

The employer shall make strict provision fot the use of the 
, washing appliances by workers before everv meal' and 
before leaving the works. 
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11. Clothes put off cjuring working hours shall either be kepi 
outside the workroom or hung up in cupboards with* 
closely fitting doois or curtai^p, which are so shut or 
drawn as to prevent penetration of dust. 

12. Artificial means of lighting which tend to raise the 
temperature of the rooens shall be so arranged or 
such counteracting measures taken that the heat of the 
workrooms shall not be unduly rais !d.« 

13. The employer shall draw up rules binding on the workers 
which will ensure the full observance of the j'rovisions 
in sections 8, 9,10, and 11. 

II. A notice shah be affixed and a copy sent to the local 
policy authority shewing : 

(a) The length, height, and breadth of the rooms. 

{b) The air space in cubic measure. 

(c) The number of workers permitted in each room. 

A copy of Rules 1 to 13 must be affixed where it can be easily 
read by all persons affected. 

III. Provides for the method of permitting the exceptions 
named above in sections 2 and 3, and makes it.,a condition of 
reduction in cubic air space for each person employed as typo 
founder or compositor that there shall be adequate mechanical 
ventilbtion for regulating temperature and carrying off products 
of combustion from workrooms. 

Ceramic Industry 

(See also pp. 135-8.) 

A complete substitute for lead in glazes seems as yet im¬ 
possible on technical grounds, as glaze containing lead has 
qualities which cannot be obtained without its use. In small 
works the technique necessary for the production of leadless 
glazes (special kinds of stoves) cannot be expected, especially 
as those carrying on a small industry lack the necessary know¬ 
ledge of how to be able to dispense with the use of lead glazes 
and substitute leadlcss materials without complete alteration 
in their methods of manufacture. And yet discontinuance or 
the utmostt possible limitation of the use of lead glazes and 
colours*is mo.st urgently needed inwall small ceramic workshops^" 
as they are not in a position to put in localised exhaust Ajentila- 
tion, &c., which is possible in large factories. Observance of 
even the simplest hygienic measures can sq^rcely be obtained. 
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‘ Consequently very severe oases of poisoning are met with 
in small works. An effort in the direction of discontinuance 
of lead glazes was made in Bohemia, where (at the cost of 
the State) technical instruction was given by an expert on the ► 
preparation of leadless glazes especially in districts where the 
industry was carried on In the homes of the workers. This 
procedure, extension of which is expected, had good results. 

Many have demanded, in view of the possibility of substitu- 
tuting leadless for lead glazes, the total prohibition of lead. 
Such is the view of the Dutch inspector De Vooys ; T'elek.y 
and Chyzer share the view expressed so far as the small 
industry is concerned, since the practicability of thg change 
has been demonstrated. 

English authorities (Thorpe, Oliver) propose diminution 
of the lead in the glaze in such a way that on shaking with 
weak acid not more than a specified small quantity shall be 
dissolved (Thorpe test). In my opinion such a measure is 
hardly enough for the small industry. I do not expect much , 
'good from obligatory use of fritted glazes. 

In addition to earthenware, manufacture of tiles and 
bricks leads not infrequently to cases of lead poisoning from 
use of lead glaze. 

The following measures apply to the larger ceramic works. 
Since risk is considerable, not only in glost placing but also 
in grinding, ware-cleaning, &c., closed ball mills in grinding 
and locally applied exhaust ventilation in ware-cleaning „ 
operations, &c., must be arranged. Personal cleanliness arid 
proper equipment of a factory in all the essentials insisted on 
on pp. 226-9 are important, but nothing can take the place 
of efficient locally applied ventilation. 

Vitreous enamelling of household utensils, baths, gas stoves, 
signs, &c., is an analogous process as enamels containing lead 
may be used. Sieving on the dry powder and brushing off 
superfluous glaze often cause poisoning. Here generally the 
same preventive measures apply. 

[In Great Britain the china and earthenware lindustry. is 
.placed under Regulation^ dkted January 2, 1913, which 
supersede the previbus Special Rules. These Regulations— 
thirtj'^-six in number—provide, among other usiral provisions, 
(1) for efficient ej^haust ventilation in (a) processes giving rise 
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io injurious mineral dust (feittling and pressing of tiles, bedding, 
md dinting, brusliing and scouring of biscuit) and (6) dusty 
ead processes (ware cleaning, aerographing, colour dusting, 
itho-transfer making, &c.); and (2) monthly periodical 
nedical examination of workers in scheduled lead processes.] 
In the Netherlands, in consequence of lead poisoning in 
Dorcelain works, committees were appointed tp inquire into 
;he subject in 1901, 1902, and 1903. 


File Cutting 

(See also p. 140) 

In file cutting the file is cut on n lead bed or a bed of an 
dloy of zinc and lead. The same source of poisoning ocoui's 
n other industries such as amber working. Lead poisoning 
imong file cutters is pronounced. The best preventive 
neasure is substitution of a bed of pure zinc for lead. The 
^rman Imperial Health Office have issued a ‘ Wariiing notice ’ 
or file-cutters. 

• 

Leaflet for File-cutters 

The use of lead beds or of alloys of lead with other metals 
lias repeatedly brought about lead poisoning in file-cutters. 
The beds also supposed to be made of zinc usually contain a 
considerable proportion of lead, and are thus dangerous to 
health. 

Among file-cutters lead poisoning arises from absorption of 
the metal in small quantities by means of dirty hands, eating, 
drinking, smoking or chewing of tobacco. The consequences 
of this absorption are not at once noticeable. They appear only 
after weeks, months, or even years, according, to the extent to 
which the lead has accumulated in the system. 

How does lead poisoning show itself ?—^The first sign is usually 
a bluish-grey line on the gums called the blue line, associated 
with anaemia or pallor. Later symptoms are very varied. 
Most frequently lead colic comes^on, the affected person suffering 
from *Violent cramplike ^ains 'starting from the navel; the 
stomach is hard and contractedvery, often vomitjp^ and 
constipation ensue, or, very occasionailly, diarrhoea. In some 
cases paralysis shows itself—generally in those muscles which 

T 
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extend the fingers, usually affecting both arms. In ex¬ 
ceptional cases other muscles of the arms and legs are affected. 
Sometimes lead poisoning manifests itself in violent pains in 
the joints—generally the knee, more, rarely in the shoulder and 
elbow. In specially severe cases brain (rouble supervenes— 
violent headache, conf'iilsions, unconsciousness or blindness. 
Finally lead poisoning may set up disease of the kidneys— 
Bright’s discal.e and gout. 

Women suffering from lead poisoning frequently miscarry. 
Fliildren born alive may, in (tonseijueiK^e of lead poisonijlg, 
die in their first year. Children fed at the breast are poisoned 
thi'ough the milk. 

A])art from severe cases complicated with brain trouble, 
which are of(.en fatal, persons suffering from lead poisoning 
generally recover if they withdraw from furtlu*r contact. 
Recovery takes place after a few weeks, but in severe cases 
only after months. 

The most effective preventive mea,sures are cleanliness and 
temperance. Persons who, without being drunkards, are 
accu.stnihed to take spirits in quantity are more likely to 
succumb than the abstemious. Spirits should not be taken 
during working hours. In regard to cleanliness,^ file-cutters 
using lead beds should be especially careful and observe the 
following rules : 

1. Since soiling the hands with lead cannot be entirely 
avoided, smoking and chewing tobacco during work should be 
given up. 

2. Workers should only take food and drink or leave, the 
works after thoroughly washing the. hands with soap—if possible 
with pumice stone; if drinking during work cannot bo wholly 
given up the edges of the drinking vessels ought not to be 
touched by the hands. 

If a file-cutter falls iU in spite of precautions with symptoms 
pointing to lead poisoning he should, in his owm and his family’s 
interest, at once consult a doctor, telling him that he has been 
W'orking with a lead bed. 

Other Industries in which Lead is used, 

1 ’ t 

In cutting precious < stones with use of lead discs lead 
poisoning frequently occurs, especially where this trade, as 
in stime parts of Bohemia, is carried on as a home industry. 
The authorities have required substitution of^ carborundum 
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(silicon carbide) for lead discs. As, tlieroforo, an efficient 
substitute is possible, use of lead snould be prohibited. 
Similarly, use of lead in the making of musical instruments 
should, if possible, be discontinued. Bra.ss pipes in musical 
instrument making are filled with le^d to facilitate hammering 
and bending, and in this way poisoning has occurred. In 
numerous other industries where the use of lead cannot be 
avoided, and where consequently the danger must bo present, 

aj, for instance, in lead melting, soldering, lead rolling, 
stamping, pressing, &c., in the manufacture of lead 
piping, shot, wire, hollle capsules, foil, toys, and many other 
article.H, ‘general preventive measures sJjould be carefully 
carried out. Melting of lend and lead alloys .should bo 
carried out only under efficient exhaust ventilation. In larger 
works where d>ist is generated this should bo drawm away at 
the ])oint whore it is, produced. This aj>plies also to ])rocesscs 
in the chemical industrie.s where lead or lead compounds are 

u. sed, seeing that no substitute is possible. 


Zinc, Brass-casting, Metal Pickling, Galvanising 

(See also pp. 151 and 182) 

In zinc smelting account has to be taken of fumes which 
may contain lead, zincq arsenic, sulphur dioxide, and carbonic 
’oxide. Metallic fumes require to be condensed—a pro¬ 
cedure in harmony with economic interests. This is effected 
in a technically arranged condensing system, consisting of a 
condenser and prolong, in which the fumes are given as large 
a space as possible in which to condense and cool. In order 
to prevent the entry of fumes into the shed when removing 
distillation residues, hoods should be arranged over the front 
of the furnace through which the gases can be conducted into 
the ^pain chimney stack or be drawn away by a fan; in 
addition the residue should fall into trolleys which must either 
be covefed at once or pi iced‘..nder a closely fitting hood 
until the fuming contents are codl.' As, the mixing^ of the * 
materials for^ charging and the sifting and packing of the 
zinc dust (poussiere) may cause risk, these processe^s require 
to bo carried, out ihechanically with apjTlication of local 
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exhaust. Such an arrangement is" shown in fig. .59 below. 
The material which is fed in is carried by the elevator to the 
.sifting machine, falls into the collecting bin, and is then 
packed. The points at which du.st can come oil are connected 



a Charging hopper ; h "Dislributor; c Elevator ; d Sieve ; r. Collector ; f Packing 
j machine ; g Exhaust pipe ; h Worm ; i Du.st Collector ; k Motor ‘ 

I * 4 

( I c 

with the exhaust and carried to the dust collector ; fans carry 
the Altered air to the outside atrao.sphere. 

Only paragrajiAis 3- S of the German Imperil},] Regulations 
dated february 6, 1900, for Spelter Works are quoted, as the 
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remainder are on precisely similar linos lo those for lead 
smelting works given in full on p. 300. 

.1. Cru.shing zinc, ore shall not l)e doue exeept in an apparatus 
so arranged as to prev('nt penetration ol dust into the workroom. 

4. Tlie roasting furnaces as well as tlu^ calcining furnaces 
shall bo provided with efTcctive exhaust arrangements for the 
escaping gases. The occu])ier .shall be r sift)n.sible for their 
cfliciejicy during the time tlie furnace i.s at work. 

5. To a.void du.st, ores intended foi' chai'ging distillation 
furnace.s shall not be stacked in front of or charged into the 
fui'nace, or mixed with other material, (‘xcejh in a damp condi¬ 
tion. * 

Thi.s regulation shall not a])ply to large so-called Silesian 
Retort.s when in u.se in the zinc sn. iter-; yet in the case of them 
also till; Higlici-Authoi-ilies may reiprir’e damping of the cliargiag 
material if specially injur hits to health. 

6. Dust, gases arid vairours escaping from distillation 
furnaces shall bo caught as near as possible to tlie point of origin 
by erticieilt arrangements and carrii-d out of the si,.elting rooms 
The intrance of the gases from the fires into the smelting room 
shall be prevented a.s far a.s possible by suitable arrangements 
for drawing them off. 

7. Residues shall nut be tfrawn into the smelting room ; 
tl 3y shall be eauglit in closed eluinneks nndei' the furnaces and 
emptied from these ehannels at once into waggons placed in 
jrassages beneath the distillation rooms. 

This regulation (where the Higher Authorities approve) 
shall not ajrjily to existing jilants, should it be im])ossiblo to 
make the arrangements mentioned in Reg. 1, or whore such 
additions could only be added by rebuilding at a proliibitivo cost. 

8. Sieving and packing of bj'-products obtained by the 
distillatum of zinc (poussicre, flue dust) shall not be done except 
m a special room separate from other workrooms, in accordance 
with Reg. 1. 

Sieving shall only bo done in an a])paratus so arranged as to 
Ijrovent escape of dust. 

In ifajs casting, in order to prevent occurrcnci. of brass-, 
founders’ ague, it is necessary that the zinc oxide fumes 
evolved should bo effectively drawn away from tlie*oriciblc 
by loeallv applied exhaust ventilation. General ventilation 
merely of t’l^^ room»is almost ascless, as ii* casting'thc fumes 
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rise up into the 'face of the pourpr. Seeing that casting is 
carried on in different parts of the foundry, it is advisable to 
connect up the hooejs over the moulds by means of metal 
piping with the exhaust system, or to arrange a flexible duct 
which can be moved about as occasion reejuires. 

Dangerous acid fumes (notably nitrous fumes) are evolved 
in metal pickling, especially of brass articles (such as harness 
furniture, lamp fittings, church utensils, &c.), for the purpose 
of giving them a shiny or dull surface by immersion in baths 
of nitric, hydrochloric, or sulphuric acid. As sevens and even 
fatal poisoning has occurn'd in these operations they should be 
conducted iu isolated com[)artment8 or channels under exhaiyst 
ventilation. If the ventilation (srovided is mechanical an acid 
proof earthenuare fan or an inject,or is necessary. The follow¬ 
ing description a})plies to one large works : The pickling 
troughs are placed in a wooden compartment, chjsed in except 
for a small o])ening in front. To this compartment a stoneware 
pipe leading to a stoneware fan is connected. The nitrous 
•fumes ai'c dha.u n through the pipe and led into the low('r part 
of an absorption tower tilled with cone-shaped })acking material 
through which water trickles from a vessel j)laced at the to]). 
The greater part of the acid fumes ai’e absi)rbed as they pass 
upwai'ds and the water collects in a receiver below, fi'OiU which 
it is blown by compressed air into the vessel abovc^ for utilisa¬ 
tion again until it becomes so chai’ged with acid that it can 
be used for pickling purposes. 

In galvaninkij and linning acid fumes, injurious acroleic 
vapour, and metallic fumes can arise, as the metal articles 
(iron, copper, &c.) first require to be cleaned in an acid bath 
and then dipj)ed into molten fat or molten zinc or tin. Hero 
also the fumes should be drawn away in the manner dcsciibed. 


Recovery and Use of Mercury 

Escape of mei'cury vaj)our and development of sul'phur 
^ dioxide seriously^ endanger worl^crs engaged ifl smelting 
^cinnabar. The danger ca^n bo minimised by proper construc¬ 
tion of furnaces })rcvcnting escape as far as possible of fumes 
and most careful condensation of tlip mercury i'fi impervious 
and sufficiently capacious chambers and fhaes. 
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Continuous furnaces are to be preferred to those working ■ 
intermittently. The system of condensing chambers and ' 
flues must offer as long a passage as possijl)le to the fumes, and 
care must be taken to keep them thoronglily cool. Removal 
of the deposit rich in mei’ciiry from iJu; flues is (“specially 
fraught with danger. Tliis work should only be carried on 
after efficient watering by workers e(pii] pjcl with respirators, 
working suits, &v. 

Umi of nicrntri/. —Mirror making by coating the glass witli 
u*ercury used to be one of th(( most dangc'rous oc.cupations. 
Now that a fully ade(juate siibslitule for mercury has 
be''n foiyid in the nitrate of silver and ammonia ]irocess, 
use of mercury slionld b(‘ ]iroliibited. As a homo industry 
especially iniri'or c(jating with mc! iry should be suppressed. 
Fortunately tlie dangei’ous mode of product i<jn is rapidly being 
ousted. 

The follow ing rcquirenu'nts are contained in a decree of the 
Prussian Government dated .May IS, ISS!): 

(1) iMedicid certilicale on admission to employnu'nt in 
mirror making with use of mercury ; 

(2) rP«tri(dloii of hours to si.x in summer and in winter to 
eight daily, with a. two hours’ mid-day interval ; 

(h) iortnightly examination of the workers; 

(4) air spac(! jier j)crson of 40 cubic meters in the coating 
room and 30 in the drying room, and, in both, introduction 
of 00 cubic nu'ters of air jier head per hour ; 

(fd Work to ceas(' if the tcmi)erature of tlu; room in summer 
reaches 25'’ C. 

Measures ar(( lU’ccissary to prevent occurrence of mercury 
poisoning in hatters’ furric'rs’ lu’ocesscvs (pn'paration of rabbit 
fur for felt hats) in eonse(pience of the use of nitrate of mercury. 
Danger arises chiefly in cutting the hair, in drc'ssing and drying, 
in sorting, and also in the sukseejnent stages of hard felt hat 
manufacture. Asjjiration of the dust and thdl at its point of 
generation, isolation of the drying rooms and prohibition of 
entry into*thcm while drying is going on, are necessary, in 
dressing (ooi.imonly known as ‘ carotting’), the nitric acidT 
vaprur requires to be drawn away, in addition stricUpersonal 
hygiene, esjficially of the teeth, is very iin|)ortant. Processes 
involving miter (jUdfng (nowadays practistjd on a very small 
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soale) should only^be carried on in stoves provided with exhaust 
ventilation. Eleotroidating, fortunately, has almost entirely 
taken its place. , 

As oases of mei'oury poisoning have been re})orted from u,se 
of mercurial i)umps m jiroducing the vacuum inside electric 
incandescent bulbs, air pumps should be substituted for them 
whenever possible. 

Barometer and ilierniomefer makci’s may and do suffer 
severely if cuire is not taken to draw away the fumes and 
ensure good v^entilation of the wfukrooms. (lareless handling 
and the dropping of mercury on the benches make it difficult 
to prevent some volatilisation. PiT.sonal hygiene and espeeuaVy 
a proper hygiene of the mouth are of the greatest ini})ortance in 
this class of work. 

Prejiaration of mercuiy compounds in chemical factories, 
especially the dry processivs (suhliniation), as in production of 
cinnabar, corrosive sublimate and calomel mi-ving, grinding, 
and sublimation, rccpiirc to be carried on in clost'd apparatus. 
*Prcparation of the substances named above in solution involves 
much Ie.ss risk than .subliming. From our point of view, 
therefore, the former is to preferred. ‘ 

Arsenic, Arsenic Compounds, Arseniuretted Hydrogen 

For arsenic ^^'orks imperviousness of the system and as 
complete condensation as j) 0 .s.sible are necessary to j)revent 
escape of fumes. 

Respirators should be \\’orn in manipulations with white 
arsenic, and such work as ])acking done under conditions of 
locally applied exhaust ventilation. 

Industrial use of ansenie oonipound.s, in view' of the risk 
attaching to them, should be reduced as much as possible. 
This has sometimes been achieved by technical improvement 
in processes of manufacture. Thus in the colour industry, where 
formerly colours containing arsenic played an important role, 
coal-tar colours have taken their place, and use‘of arsenic 
even in these (as in the pianufacture of fuchsin) has been 
rcplaeed«-by nitroben'zene. 

As^ the danger from arseniuretted hydrogen gas'is especially 

great in prooes.ses p which acid acts on ipetal and either one 

( 
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or both of them coiitaip arsenic, the materials, should be as' 
flee from arsenic as possible, in the j)roduction, for example,* 
of hydrogen for soldering, in oxtractyig metals by means of 
acids, in galvanic elements, in acciunulator works, in the 
storage and transport of acids in metal vessels, and in 
galvanising. 

In any ease the woi-kers in these hrlu^stries should be 
warned cjf the dangc-r and instructed in ease of emergencies. 
For soldering exchisicc' use of hydrogen ])roduccd electro- 
lytically and procurable in steel cylinders is advisable. 

Extraction and Use oJ Gold and Silver 

In tile extraction ol gold and dver l)y atnalgaination and 
subsequent volatilisaticni of mercuiy there i.s risk of mercurial 
poisoning. 'The ])re\ enti\ e measures necessary are similar to 
those for poisoning in tlio recovery of mercury (see p. 327). 

Anii/ria in pearl head blowers can bo avoided by using 
jiumps to blow the silver solution into the heads instead of the 
mouth. 

In efectroplat ing the' ])ossibility of poisonous fume.s arising 
from the baths must be guarded against because h/drocyanic 
(prosbic) acid, though only in minute, cpiantitieq may be 
evolved; care must be taken that the workrooms are well 
ventilated or the baths hoodc'd. Careful j)(>rsonal hygiene is 
essential, for the })revention of skin di.soascs from which 
workers in olectroi)lating often suffer. 


vn 

FliEVENTlVE MEASURES IN OTHER TRADES 

Ceramic Industry 

• 

In the glass industry use of lead, chrome, and arsenic* 
comp^mnds should be re.^tricte 1 as much as possible or allowed 
only under suitable precautions (’.xhaust v'entilation, persoivn 
hygiene, &c.). 

Etchiig on glass by means of hydrofluoric causes almost 
inevitably ^jury tw tlie workers. Rendering thd surface of 
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•^lasB opaque shouI'J preferably he dqnc by sand blast. When 
‘a bath of hydrofluoric! arid for etching on glass is u.sed tlie 
fumes require to bo jlrawn a^vay by lioods over the batlis 
and the work-rooms well ventilated. 

Furtlier precautionary measures ai'C called foi- ici view of 
indu.strial ])oi,s(ming by fiirnaec gases in various r(!ramic: 
industries) as, for exanijile, ecmc'nt works, glass works, and 
tile works. ‘ 

The following suggestions ai'c made in the, technical intro¬ 
duction to the (lermany ra(!tory Act for ])r('vcntion of poisoiH- 
ing from carbonic oxide, carbon dioxide, and sulphur dioxide : 

(1) Even th(! fi.xing of benches which might be used fej- 
slcc])ing on near the furnac(!s should be strictly forbidden ; 

(2) Ail furnaces which are roofed over should be })rovided 
with adec|uate side and roof ventilation ; 

(3) All gas ])i})es and cocks must be maintained in an 
impervious condition. 

« 

Manufacture and Use of Varnishes and Drying Oils 

Unpleasant fumes arx! given off on boiling linseedtoil witli 
oxidising substances, which shoidd be. prevcnt(!d by closely 
fitting covers and C!Ondensatioii of the fumes in c.ooling apj)ara- 
tus. In boating and dissolving resin for the ]iroduction of 
varnishes the fumes evolved require to bo dealt with in a 
similar way. 

J’reventive mcasui'cs must bo taken also in the use of 
quick-drying jiaints on shij)s and inside steam boilers as, owing 
to the ra])id evaporation of the poisonous solvents—benzene, 
benzine and turpentine—fatalities have occuri-ed. As a result 
of elaborate investigation by the insjw'.ctors of facitorics in 
Hamburg the following instructions were issued : 

Quick-drying paint for ships and for ])r(!vcnting rust .should 
only be u.scd under the supervision of a person c!onvcrHant with 
the danger to health and ri.sk from lij'c. 

They should only bo allowed fpr the j)ainl:ing (if ^iterior 
surfa(!es after adoption of p.dequa1.e |)recautious—free ventilation, 
use ofl smoke helmets with air conducting apj)aratus, ajid no 
nail'd light.s, ifec. Since use of quick-drying pifcnts catuiot 
easily be prohibited and the fumes froiq the substitutcB for 
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turpt'iitiiic--benzene ai.d other light tari'j oils—exert injurious 
effect on man, precautionary measure,s are called for. Regu- * 
lation of working liouns is as important a,s juovi.sion of 
adequate ventilation. Workei's, tliei’Aore, .should be allowed 
proper intervals from woi'k. 

Conlined sjiaci'S in the mtij'oi- of ships should Ifb adc- 
(juately ventilated before, after, and during work ; all jiersons 
wlio u.se the ])aints .should have opportiini; v for washing given 
tluun at their work places, and should be eonqielled to avail 
themselves of these fai-ilities ; indulgcmee in ak-ohol and smoking 
should be jirobibited ; reeepUwIes in whidi ((uidc-drying jiaints 
are sold should be ])i’ovided wilh an air-tight eo\'er and with a 
warning notice as to the danger of the contents. 

Paints made from iietroleuni fractions of low boiling- 
])oint, light <'oal-tai- oils, tur]ient' ><' oil, eai’bon bisulj)hide, and 
similar substa.ne<'s, are to be regai'ded as injurious lo health. 

Persons under eighte'-n. and women, should not be allowi'd 
to work with (juiek-drying |iaiuts. 

Gbligatorv notification of cases of jioisoning by hydrocarbon'- 
and other similar poi.sonings woi.ld have a goou “feet. 

Sehaef’er ([u.spector of Factories in Hamburg) has drawn 
up the‘follow ing leaflet for painters, varnishers, worker.s in 
dry docks, and others engaged in ])ainting with qniek drying 
})ai its and oils : 

All (juiek-drving jiaiats and oils are more or less injurious 
to health and very infkimmable, as they contain volatile sub- 
slanei's siuli as benzine (naplitlui, iietrol ether), benzene, tui- 
]ientine oil, carbon bisulphide, &e. 'I'hese paints are mostly 
used in jiainting interiors of ships, boilers, m.aehinery, a[)paratus, 
&e., and come on the market under various names, such as 
lllaek Varnish Oil, Solution, Patent thlour, Anti-CDixosive, 
Dermat.in, Aeid-jiroof Paint, Apexior, tlaxol, &e. 

Even at oi-dinary temjieratures the volatile fluids used as 
mediums tni dry paint powders, or as a first coating, cva])orate. 
Air filled with the fumes is not. only harmful to health, but 
•liable to explosion. Working with these jiaints and oils hi the, 
interiiii' of shi]is, or st.eain billers and the like, has rejieatcdly 
leii to •‘xplosion.s and f dal p isoning. 

Danger o/-All prt.sons are exposed to^he danger 
ol jioisyiung who use quick-drying paints in the int rior of 
room or recejitaclcs, or otherwise maniimlate t.hc iiainto. The 
wa,nie" J.he room and the less ventilation there IS before and 
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during the painting, the greater the danger of poisoning. On 
the other liand, use of these paints in the open air is generally 
without effeet. ^ 

Poisoning arises from inhaling the fumes of hydroearbons. 
The symptoms are oppression, bet daelie, inclination to vomit, 
cough, hiitcough, giddim'ss, noises in the ears, drunken-like 
excitement, trembling and twitehing. Inhalation of larger 
quantities bi'iiii^s on, quite suddenly and without previous 
warning, unconseiousiu'ss, ^vhieh may last many hours and is 
often fatal. Exeejit in se\’ere eases the symjitoms gejierally 
soon disappear, if tlui affected person witlidravis fi'om furthol 
contact with the fumes. The most effective jirotection there¬ 
fore against poisoning is fi'csli air and tempei-aucci. dn so hp’ 
as painting with (luick-drying materials is nceessai'y in work¬ 
rooms, inte]'iors of ships, wat er and ballast tanks, double bottoms, 
hunlcers, bilges, cabins, boilers and I'cccptadcs, care must bo 
taken to ensui'e tlioi'ougli ventilation befoj’e, after, and while 
the work is going on. Where no sufficient ventilation is possible 
these paints ought not to be used. l''r('(|iiciit intermi.ssion of 
work by a sliort stay in the open air is useful. Wlien working 
in spaces not easily aei'cssible, the \v'ork(T should be roped. 

Speaking, singing, or w lust ling during woi'k favours inhala¬ 
tion of the fumes and is, therefore, to he avoided. Indulgence 
ill iSjih'its, e.sjiecially during working hours, increases tlio danger 
of poisoning. Habitual drinkers should not he aliow'cd to work 
at all with qiiick-diying paints and oils. 

At the first signs of discomfort work should he stopped. 
An immediate stay in the open air will then usually dispel the 
poisonous symptoms. 

If, notwitlisfaiiding this, severe .synipt.oms develop, oxygen 
inhalation should he eomnienced fortliwitli and medical aid 
called in. 

Production of Vegetable Foods and Luxuries 

(See also p. 154) 

Mea.surcs for the prevention of industrial poisoning liavo to 
Ijie thought of in connection with drving processes (by smoko 
'gpses, carbon dioxide, and fCarlionic oxide), many processes 
of prcser'Hng (use of sulphur dioxide, &c.), and fermentation 
(accumulation of carbonic acid). , * 

In bretveries the use of kilns allowing fire gases to 
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cnt,('r llic! drying-rooms rormerly caused eiirbonio oxiiie and- 
carbonic acid poisoning. 'The general introduction of hot * 
air kilns provided A^’ith mechanical m^dt-turning apparatus 
should be insisted on, and is in keeping with progress in tech¬ 
nical methods. , 

'I’he accumulation of cai'boni<! acid in the malting cellars 
can bo prevented in the same way as in a distillery. 

If ammonia is used for refrigeraiiov" precautions are 
necessary so that, in the event of leakage or bursting of pipes;, 
file workers may escape. Naturally the imperviousness of 
the freezing s 3 'stem must be guarantec;d. 

• Oppfession and danger to the health of tlu' workc'rs is 
occasionally (;aused by the development of gas(*s in the coating 
of barrels with pitch, partly prove..uible by the use of pitching 
machines. 

In the ])roduction of .syi/n'ts carbonic acid ]K)isoning can 
occur from accunuulation of carbonic acid in the fermentation 
cellars. These should be thoroughly ventilated and in view 
of the heaviness of the gas, o})enings for ventilation should 
alwa^'s be. located at the floor level. 

In tffo milphurivg of malt the following recommendations 
were made by the Austrian inspectors : 

During the sulphuring proeess the room ought not to be 
entered (for the turning over of the malt). When the sulphur 
has been burnt, the drying-room must bo ventilated from the 
outside, by ojiening the windows and letting in cold currents 
of air, until the sulphur dioxide has com])letcly dispersed, 
whieh can be tested by holding a stri]i of moistened blue 
li1mu.s paper at the half-o})ened door. If it does not turn 
red, turning over of the malt may be ])roccedc'd with. 

As the milplivring ofhop.'i in hop districts is done in primitive 
little kilns, in which the ho}.s are sjiread out on a kind of gridiron 
and sulphur burnt below in iron })aus, development of sulphur 
diq^ide may affect the workers. 'Plie following regulations arc 
therefore suggested for work in these kilns ; 

f 

Tlio rooms in sul]>]uiriiiRetakes placeinnsl> be aii-tighj, 

ca]>ablo of being locked, and ]>rOYided ditk arrangennftits which 
make it^possiblc to ]^cniovo the sulphur dioxide fuineSjbcfore 
liic I’oou^ is onttu'cd. This can usually done by ix strong 
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coke fire, maint'iliiied in the ehinn'oy place, wliieli creates the 
noce,ssary draught. If fans an; used, it must be nunenibercd 
that iron is affected^ and destroyed by acid gases ; stonowaro 
fans are therefore advisable. 

In'the produetion of viuegar, air cseaires laden with acetic 
acid vapour, alcohol, lower oxidation produces of alcohol, 
aldehyde, aeetic vllier, &(;. Their escape can he avoided if 
the whole process is carried on in a. closed self-acting apjiaratus 
with the advantage also that no loss occjirs. , 

In [ireinises for dryimj mjrintlluml pmtlucls (fruit, chicory, 
turnips) the persons einjiloyed in the drying-room are expos(^d 
to the danger of carbonii' oxide ])oisoning from direct firing. ' 
The following recoinmendatioiis for work in drying-rooms 
with direct firing are taken from an Austrian decree of 1901 : 

The lower drying chambers, in uhicb the I'cal drying pixicess 
is effeeb'd, should be so arranged lhat the objects dried in them 
can be removed l)y means of long-handled impkmienis through 
a passage*shut oil from the drying-room. 'I'he scpai-ation of 
tills ]iassage can be elTectcd by loose tin plates which can be 
removed as required for the work of turning or removal of the 
dried products, so that (he worker need not come into contact 
with the gases. 

Open lli'cs should be so arranged that if reipiircd they can 
be shut off, by simjilc ari'angements, from the drying-rooms 
in which the workers are temporarily occupied in carrying in, 
and turning, the objects to be dried, transferiing the partly 
dried jiroducts to hotter hurdles, and emjitying them when 
finished, in such a way that the entrance of combustion gases 
into the drying chambei’s can be (annpletcly jircvented. In 
order, however, t-o jirevenl a back draught, arrangements must 
be made for simultaneous removal of the gases by pipes 
connected with a diimney or smoko flue. The yilaees from 
which the fires are chafged should, in addition, be furnished 
with suitably arranged openings for veutihition leading into 
the outei' air, in order to neutralise, in case of need, any b&ok 
draught from tlie furnaces into tile rooms. , 

The windows of the drying vhamficrs .should be so ananged 
! as to ^en both from witlfin and witliout. 

The floor of the roof space, or attic, which forms at the same 
timt, the eeiling of the uyqier drying-room, should he kept 
pcrfeetly* airtight,las also the openings into) it thj'ough which 
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the steam pijx'.s pass, t'or this j)urposc the flooi' slioiild bo a, 
double one and tlie oponiiii;s or bo.\os into wliieh material i.s* 
thrown should have a double eover abijve and below'. Further, 
situated in the highest ])oint of the coiling of the roof space, 
there should be a suitable i,umber of openings topjied by 
louvred turrets. In the roof spUee no work should be done 
exce])t manipulations ni'cessary for the cliarging of the hurdle.s 
with the goods to hi' dried. I'ise of the rix,.? ‘floor as a sleo])ing 
or living room is not permissihle. 

Before the w-orloTs enter the drying chambers for the purpose 
of turning the materials, the stove should he shut off, the gases 
lb-awn from tin- furnace into the chimney or tlue, and ,at the 
samS time the doors and windows of the drying rooms ojiened. 

Knti-ring of drying chambers for working jnnposcs should 
only Ik- done after a sufticient ti..ic has elajised for removal of 
the air by ventilation. 

Charging of the fun aces should he so arranged that they 
hum as low as jiossible heforii the removal of the dried 
materials and before subse([uent work in the drying chambers. 
Seeing that chicory and t-urnip drying is done nlermittentl; 
by i.ight, a special sleeping or waiting room with free ventilation 
sIiou^ilI be jirovided. The j-egulations coueerning the ventilation 
of the, workrooms are to hi- made known to the workers. 


Cigar Industry 

In order to ])rcvcnt injury^ to health to tohaceo workers 
the dii.st and fumes, especially at cutting and sifting macliine.s, 
require to be drawn away by locally apjilied exbanst ventila¬ 
tion. The workrooms, moreover, nnist conform to hygienic 
requirements, especially as to cleanliness. \\'aslu)ig accom¬ 
modation anti biith.s arc desirtible, but are only likely to be 
})rovided in large works. 


Wood Working 

(See also p. 154) 

Pisk liv,m poisonous woods pan be avoided by e.xhaust 
vei.ti’ition applied to the wood-working mael^ncrJ'^ 

H’o lessfn tlio dangn-r to liealtli in the u.se of methylated 
spii'it.s fn the })olisdiing of wood adequaif ventilation of the 
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'workrooms is necessary; drawings off the fuiiies by local 
ventilation is often impossible. 


Production of V.'ood-pulp (Cellulose) and Paper. 

In the svI'phiU cellulose j)roccss, sulphur dioxide may 
escape from the sttljihur stoves or from the boilers ; escape 
of sulphur dioxid(! is also possible through defective gas j)ipes 
and condensers, (las pipes and condensers require to be 
quite impervious and condensation or absorption as complete!' 
as po.ssible. The fumes oscajung from the iroilers should 
be led through pipes into closed boilers for cond6nsati(iir 
purposes ; tl\c gases not condensed lurro arc to be led into 
absoiqrtion towers. 

In the maniifactui'e of jxipcr uitJi use of chloride of lime 
for bleaching chlorine can be gi\'en off in considcrabki quantity, 
requiring removal of the gases from the apjrai'atus. 

The use of poisonous colours containing lead or arsenic, 
and addition of lead-containing substanec-s to the paper pulp, 
is now very rai'e. 


Textile Industries. 

(See also p. 1.5G) 

In the textile industry only a few manipulations are asso¬ 
ciated uith serious risk of poisoning. Those engaged in 
carbonising are exposed to acid fumc's ; closed and ventilated 
apparatus, thei'c.fore, as far as possible, rr (juire to be used 
and the aeid gases escaping from them sliould be absorbed. 
Thc.se rerjuirements ai'C! fulfilled by carbonising .stoves which 
are ventilated and connected with coke condenser,s. It is 
especially urged that only arsenic free acid be employed, as 
otherwise danger of poisoning by arseniuretted hydrogen may 
be incurred. ^ 

l 

In the making of artificial silk, according to the Chardonnet- 
€adorct process, the prccautionipy iBcasurcs recommended in 
nitrating ^together wit)i cardful exhaustion of the ether and 
camphor fumes ajiply. ^ 

Th(- combustion gases (containing carbonic oxide) de- 

t • 
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vclopcd in the process of rngeing arc harmx’ul and require 
to bo led away at their source. 

Poisonous metallic salts, especially Ic^d anfl lead-contain¬ 
ing zinc, aj'(; iisod as weighting materials, in dressing or 
finishing, and sometimes cause symptoms among the work^u's. 
Apart from the danger to those oc(!upied in s[)inning and 
weaving, the workers who handle these j>’o[lucts (in the 
clothing trade) also run a risk from lead. " 

Ihecautionary measures are necessary in the miriiinhimj of 
wifiKn materia(■‘i, as the substances employed may contain 
volatile ])oisonous solvents. If theses poisonous solvents 
ca»i'i !t be’rephiced by others less poisonous, carefully applied 
e-\haust ventilation must be provided. The same holds good 
when carbon bisulphide. l)enzene. uiid benzine are used as 
solvents in the production of u'ovcn materials inipregJiated 
with indiarubber. 

Em])l(>yment of li-ad salts and other poisonous mctalbc 
salts in the, glossing of woven materials, or in order to render 
them non-inflammable, is to be deprecated. 

Eases of load poisoning ha we occurred in the working-up 
of asbestos, as lead wire is sometimes used in the process 
of weaving. 

To protect workers in chlorine and ttnlphur hlcachinij from 
poisoning by ehloriiu' or sul])iiur dioxide the gases arising 
from the bleaching liquids should be drawn away. Use 
t)f clo.scd bleaching ajiparatus, as is the case in large 
works, reduces the danger to a minimum. Bleaeliing-rooms 
should bo connected with a powerful stoneware fan, so that 
they may bo thoroughly aired before they ai’e entered. 


Dye Works 

Industrial poisoning by dyes is, in general, rare, as the 
natural dyes (w'ood and tar dyes) are almost without 
exception non-}'ioisonous. Furtiier, the dyes are generally 
only used iff diluted solution. Pnrmcrly the arsenic m many 
tar dyes eau,-e<l poisoning, but ^now' it is usually the ^ 
mordantwhich have harmful elfect. 'lo this’ class‘belong 
chromic acic? salts and mordants containing arsenic, anti¬ 
mony tt.,rtar-emetic^, and also chloride,of tin.* In the 
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Horaping ofl of^ layers of paints containing arsenic, arsenic 
dust may arise. .In Turkey red dyenorks, especially sodium 
arsenitii is used fos fixing the tar dyes. 

Orpiment dyes ^yllicll may give oil’ poisonous arseniuretted 
hydrogen gas ai’e i)eeo»tiing less and less used ; from the 
point of vi(uv of industrial hygiene, the utmost possible 
avoidance oh J;he use of arsenic-containing ])rejiarations in 
dye works is to be rc-eonunended. Where this is not possible, 
strict ]5er.sonal hygiene must he enforced (as, for instance, 
application of vaseline to the skin). 



